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PART II 

THE KNOW ABLE —continued 




THE UNKNOWABLE 

iSss£Ms“ Ms f s, mMme 'i'jMtejV***- 

m#” ns i^-nyps^-th. **m <* »*. 

reconciliation has been vaguely shadowed forth. * Befo y s prdoee d- 
h$0i however, it will be well to treat the question of iqetbod more 
definitely. To find that truth in which Religion an*d Science 
coalesce, we must know in what direction to look for at, and what 
kind of truth it is likely to be. 

* 

§ 7. Only in some highly abstract Proposition can Religion and 
Science fi^a common gro'ftnd. Neither such '7>5^W%6m m 
the trinitarian and Unitarian, nor any such idea as that of pro¬ 
pitiation, common though it may be to ■all religions, can serve as 
the desired basis of agreement; for Science cannot recognise belief* 
like these: they lie beyond its sphere. Noiponly, as we have 
inferred, is the essential truth contained in Religion that most 
abstract ejpment pervading all its forms, but, as we here see, this 
most abstract element is the only one in which Religion is likely to 
agree with Science. 

Similarly if we begin at the other end, and inquire what scientific 
truth can unite Science with Religion. Religion can take *no 
cognizance of special scientific doctrines, any more than Science can 
take cognizance of special religious doctrines. The truth which 
Science asserts and Religion indorses cannot be one furnished by 
mathematics; nor can it be a physical truth; nor can it be a truth 
in chemistry. No generalization of the phenomena* of space, of 
tirop, of matter, or of forcey»can become a Religious conception. 
Such a conception, if it anyjvhere exists in Science, must be more 
general than any of these—must be one underlying all If thfcm. * 

Assuming, then, that since these two great realities are con¬ 
stituents of the same mind, ami respond to different aspects of the 
same Universe, there must be a fundamental harmony between 
them, we see good reason to conclude thi^t the most abstract truth 
contained in Religion and* the roqst abstract truth*contained in, 
Science must be the one in which the two coalesce. The hugest 
fact to be found within our mental range must be the one of which 
we are in search. Uniting these pomiive and negative .poles of 
human thought, it mint be the ultimate fact in qur intelligence. 
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§ 8. liefor! proceeding let me bespeak a little patience. The 
Tffcxt three chapters, setting Sut from different points and am- 
verging to the same conclusion, ill be unattractive. Students of 
r h-»r—fdjr will* find in them much that is familiar; and to 
most of those who are unacquainted with modern metaphysics, 
their reasonings may prove difficult to follow. 

Our argument, however, cannot dispense with these chapters, 

and the greatness of the question at issue justifies even a heavier 

tax on the reader's attention. Though it affects us little in a 

direct* wav, the view we arri*e at must indirectly affect us in all our 
* * 

relations—must determine our conceptions of the Universe, of Life, 
oCJJuman NatuK'—must influence our ideas of right and wrong, and 
therefore modify our conduct. To reach tliat [K»int of view from 
which tl»e seeming discordance of Religion and Srience disappears, 
and the two merge into one, mu't surely Ire worth an effort. 

Here ending preliminaries let us now address ourselves to this all- 
liujjortant inquiry, 



CHAPTER* II 

ULTIMATE RELip IOUS IDEAS 

| 9. When, on Hie sea-shore, we note how the'bulls of <Bstnt 
vends are hidden below the horiaon, and how, of still remoter 
vessels, only the uppermost sails are visible, we may cose d v * with 
tolerable dearness the slight curvature of that portion of the sea's 
surface which lies before us. But when we try to follow out In 
imagination this curved surface as it actually exists, slowly bending 
round until all its meridians meet in a point eight thousand miles 
below our feet, we find ourselves utterly baffled. We cannot con¬ 
ceive in its real form and magnitude even that small segment of 
our globe which extends a hundred miles on every aide of us, much 
less the globe as a whole. The piece of rock on which we stand 
can he mentally represented with something like completeness: 
we are able to think of its top, its sides, and its under surface at 
the asme time, or so nearly at the same time that they seem present 
in consciousness together; and so we can form what lie oaty a con¬ 
ception of the rock. But »to do the like with the Ekrth is 
impodUe. If even to imagine the antipodes as at that distant 
place in space which it actually occupies is beyond .our power; 
modi more beyond our power must it be at* the same time to 
imagine all other remote points on the Earth's surface as in their 
actual places. Yet we commonly speak as though we had an idea 
of the Earth—as though we could think jrf it in the name way that 
«s think at minor objects. 

What conception, then, do we fofm of it? the reader may ask. 
That itsname calls up in ns some atateof consdoufeness is un¬ 
questionable; and if this state of consciousness is not a conce p tion, 
properly so called, what is it? The answer seem^ to be this;—We 
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haVe learnt by indirect methods that the Earth ie a sphsre; we. 
TSkve farmed model* approximately rcpr ee en ting It* diape and the 
distribution of it* part*; usualtywhen tbe^Earth i* r e fe rre d to, we 
eithtfr thsqk of ah indefinitely extended meal beneath our feet, or 
else, leaving out the actual Earth, we think of a body like a terres¬ 
trial glotie; but when we seek to imagine the Earth a* it realty k. 
we join thaw two idea* a* well a* we can—such perception as our 
eyes give us of the Earth** wrfece we couple with the oonoeption 
of a sphere. And thus we fbrm of the aEar th not a oonoeption 
prope rty to c a l led, but only a «pMk 
A hu^e proportion of our con cep t* cm*. including all those of 
mee h f enerelitv. are of this order. Great magnitudes, great dura¬ 
tions, great numbers, are none of them actually conceived, but 
are all of them conceived more or less symbolically; and so, too, 
are all those daaaee of objects of which we predicate some common 
feet When mention is made of any individual man, a tolerably 
complete idea of him is formed. If the family he belongs to be 
spoken of, probably but a part of it will be represented in thought: 

. under the necessity of attending to that which is said about the 
family, we realise in imagination only its most important or 
familiar members, and pass over the rest with a nascent oonsdous- 
ness which we know could, if requisite, be made complete. Should 
something be remarked of the class, say farmers, to winch this 
family belongs, we neither enumerate in thought all the individuals 
contained in the class, nor believe that we could do so if req u ired; 
but we qre edntent with taking some few samples of it, and remem¬ 
bering that these could be indefinitely multiplied. Supposing, the 
subject of which something is predicated be Englishmen, the 
antwetfng Ante of consciousness is a still maore inadequate repre¬ 
sentative. Yet tnore remote is The likeness of the thought to the 
thing, if reference be made to Europeans or to human bangs. And 
when We come to propositions concerning the mammalia, or concern- 
ing the whole of the vertq^rata, or concerning animals in general, 
.or concerning all organic beings the unlikenesses of our coneeptume 
to the realities become extriSne. Throughout which series of 
instances w s Ps e e that as the number ef objects grouped together in 

• Those who may hsvs before met with this term will perceive that it ie 
here used ie quite a different tenet. 
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thought tncmww, the concept, formed of * four typical sample* 
joined with the notion pi multiplicity, becomes mom end mote 4 
mete symbol; not only because it'gradually ceases to represent the 
line of the group, but also because, as the gfoup 
heterogeneous, the typical samples thought of are lesy like the 
average objects which the group contains. 

This formation of symbolic conceptions, which inevitably arises 
as we pass from small and concrete objects to huge end to discrete 
ones, is mostly a useful, and indeed > rfecessary, process. When, 
instead of things whose attributes {an be tolerably well united in a 
single state of consciousness, we have to deal apth things whose 
attributes are too vast or numerous to be so united, we must either 
drop in thought part of their attributes, or rise not think of them 
at all—either form a more or less symbolic conception, or no con¬ 
ception. We must predicate nothing of objecfo too great or too 
multitudinous to be mentally represented, or /we must make our > 
predications by the help of extremely inadequate representations 
of them. 

But while by doing this we are enabled to form general- 
propositions, and so to reach general conclusions, we are perpetually 
Id into danger, and very often into error. We mis take bur 
«XH^g.ja nrept i ^ fog, ; «*d so are" betray^ Into 

counthra false inferences. Not only is it that in proportion as the 
concept we form of any thing, or class of things, misrepresents the 
reality, we are apt to be wrong in any assertion we make respecting 
the reality; but it is that we. are led to suppose we have truly 
! conceived many things which we have conceived only'in this 
fictitious way; and them tocconfound with these some things which 
cannot be conceived iff any way. How we t fall into tbi^ 1 «&or 
almost unavoidably it will be needful here to observe. 

From objects fully representable, to those of which we cannot 
form even approximate representations, there is an insensible 
transition. Between a pebble and the, entire Earth a eerie*- of 
magnitudes might be introduced, severally differing from adjacent' 
ones *6 slightly that it would be impossible to say at what point 
in the series our conceptions Of them became inadequate. Similarly, 
there is a gradual progression from those group* of a few mi> 
i victuals which we can think of as groups with tolerable completeness, 
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to those larged and larger group* of which w« am form nothing, 
like true ideas. Thu* we pm* from actus iconcen^^ 
ones by infinitesimal step*. Ndte next that we am led to deal 
with te^mbolit conceptions as though they were actual ones, not 
only because we cannot clearly separate the two, but also because, 
in most darn, the first serve our purposes nearly or quite as well 
as the last~«am amply the abbreviated signs we substitute tor 
those more elaborate signs w^ich are our equivalents for real objects. 
Those imperfect representatioifi of ordinary things which we make 
in thinking, we know can be*deve!oped into adequate ones if need* 
fuL Those concepts of huger magnitudes and more extensive 
classes which we cannot make adequate, we still find can be verified 
by some indirect process of measurement or enumeration. And 
even in the case of such an utterly inconceivable object as the 
Solar System, we yet, through the fulfilment of predictions founded 
on our symbolic conception of it, gain the conviction that this 
stands for an actual existence, and, in a sense, truly expnqpes certain 
of its constituent relations. So that having learnt by long experin 
.ence that our symbolic conceptions can, if needful, be verified, we 
are led to accept them without verification. Thus we open the 
door to some which profess to stand for known things, but which, 
really stand for things that cannot be known in any way. 

The implication is clear. When our symbolic conceptions are 
such that no cumulative or indirect processes of thought can enable 
us to ascertain that there are corresponding actualities, nor any 
fulfilled.predictions be assigned in justification of them, then they 
are altogether vicious and illusive, and in no way distinguishable 
from pure fictions.. 

| 10. And now to* consider the bearing s of this general truth on 
our immediate topic—Ulti ma te Religious Ideas. 

To the primitive man sometimes happen things which are out of- 
the ordinary course—diseases, storms, earthquakes, echoes, e cl i p ses. 
From dreams* arises the Idea ofy wandering double; whence follows 
the belief that the double, departing permanently at death, is then 
• ghost. Ghosts thus become assignable causes for strange occu r - 
rences. .The greater ghosts are presently supposed to have extended 
spheres of action As men grow intelligent the conceptions of 
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ttonminor invinUe agendas mejge into the conception dfji 
urivprri inrhibk agency; and there result hypotheses concerning 
kfct origin, 'not of special incidents Vrly, but of thing* in general. 

A critical examination, however, will prove nbt odp^iA no 
an w ot hypothesis is tenable, bat also that n^jgn^bjiirtMi 

CStttt lift fitftDlftde 


$ 11. Respecting t he origin of the ^Universe t hre e verbally 
intelligible s ^goghwa niy oe msfewe may assert that it is 
e jjf-aaete nfcs or that it is s elf-create d ;* or that it is creat ed te rn 
Mcftarwal Which m these suppositions is jmost credible it 

is not fill here to inquire. The deeper question, into which 
this finally merges, is, whether any one of them is even conceivable 
in the true sense of the word. Let us successively test them. 
t When we speak of a man as self-supporting, of an apparatus as 
wdf-octiag, or of a tree as self-developed, our expressions, however 
inexact, s^and for things that can be figure^ in thought with 
tolerable completeness. Our conception of the self-development 
of a tree is doubtless symbolic. But though we cannot really 
r e pr ese n t in consciousness the entire series of complex changes 
through which the tree passes, yet we can thus represent the lesttl- 
ing traits of the series; and general experience teaches us that by 
tog continued observation we could gain the power of more folly 
r ep r esen ti n g it. That is, we know that our symbolic conception 
of self-development can be expanded into something like & real 
conception; and that it expresses, however rudely, an „ actual 
process. But when we speak of sel f-exist ence and, helped‘by the 
above analogies, form some /ague symbolic conception of it, we 
driude ourselves in supposing that this symbolic conceptiorii is "of 
the same order as the others. On joining the Word tt\f to the 
weed existence, the force of association makes us believe we have a 
thought like that suggested fay the compound word self-acting. 
An endeavour to expand this symbolic conception, however, will 
undeceive us. In . the-first pl^ce, it is dear that by gglf- 
ca dste nce we especially mean an existence independent of any other 
—not produced by any other :«tne assertion of self-existence is an 

thus excluding the idea -of any 
e^fude^t£e idea.of a beginning; 
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for‘to admit that there was a tint when the existence had ao| 
jtt m mencad, it to admit that its cwnnaioeasit «as detm^ot^ by 
something, or wat caused, which It a contradiction. Sdf-existe 
Uwdbw^wcatlniy meant existence without a beginning; and 
to form a cooceptm of self-existence it to form a conception of 
existence Inthout a beginning. Now by no mentalefiort can wo,do 
T? °^re ««tepce through mfinite patt-ti^i©|%t jie 

»<9 fasmmtoj- T ° 

tut let ut add that even self-nexisteqpe eooodv«jlifo.|jnP 
xt^t jbe an explanation of thb. Universe. No one will say that the 
existence of an object at the pretest foment is made micr to 1 
undentand by tSe discovery that it existed an hour ago, or a day 
ago, or a year ago; and if its existence now it not made more 
comprehensible by knowledge of its existence during tome previous 
finite period, them no knowledge of it during many such finite 
periods, even could we extend them to an infinite period, would 
make it more comprehensible. T|pi the A th e istic theory is not 
only absolutely un thinka ble, but, even were it thinkable. Would 
.not be a solution. The assertion that the Universe is self-existent 
does not really cany us a step beyond the cognition of its p re sent 
existence; and so leaves us with a mere re-statement of the 
mystery. 


The hypothesis of self , ; jeatioK , which practically a mounts to 
what is called P antheis m, is similarly incapable of being re pr es en ted 
in thought Cerda 'phenomena, such as ~the precipitatimT “iTSP ’ 
visible vapo&r into cloud, aid us in forming a symbolic co n cept io n 
of a self-evolved Universe; and there are not wanting indications 
in the Heavens, and on the Earth, whjch help us in giving to this 
conception koine distinctness. But while the succession of phases 
through which "the’visible Universe has passed in reaching its 
present form may perhaps be comprehended as in a sense 
self-determined; yet the impossibility of expanding our symbolic 
conception of self-creation into a real conception, remains as com¬ 
plete as ever. Really * tooopceive self-creation, is to conceive 
potential existence passing into actual existence by some inherent 
necv winty , which we cannot. M£e cannot form any idea of a 
|»4f8s^u'''ejdistoooe of tfie Universe, as distinguished from its 
actual existence.. If represented in thought at all, potential 
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wgjs t eao a must he repr ese n ted as s tm dh m g , that k, « id actual 

t yo eb8ardities -~th&t nothing it hsare then a negation, end «n 
hJTpSSnrSSrrepresented in thought, end that*QKie p*hi%' : I* 
distinguished from ell other nothings by its power to dyrelop into 
•omcthing. Nor is this ell. We have no state of ccmadoosnsMs 


aiming, to the words—an inherent n e ce e n ty by whieh potential 
eadstence became actual existence. T<v render them into thought, 
existence, having for an# indefinite period remained in one form, 
must be conceived as passing without* any external impulse intd 
another form; and this inValves the idea of a dptnge without a 
qpuse—a thing of which no idea is possible. Thus the terms of this 
hypothesis do not stand for real thoughts, but merely suggest the 
vaguest symbols not admitting of any interpretation. More - 

over, even were potential existence conceivable a* a different *h jpg 
from actual existence, and could the transition Jfrom the one to 


the other Jje mentally realised as self-determined, we should still 
be no forwarder: the problem would simply be removed a step 
back. For whence the potential existence ? This would just as 
much require accounting for as actual existence, and jurt the same 
difficulties would meet us. The self-existence of a potential 
Universe is no more conceivable than the self-existence of the 
actual Universe. The self-cr eation of a potential Universe would 
involve over again the difficulties just stated—would imply behind 
*h«» potential universe a more remote potentiality, and so on in an 
infin ite series, leaving us at last no forwarder than at first. . While 
toaasign an external agency as its origin, would be to introduce 
the notion of a potential Uniyerse for no purpose whatever. 

There remains the commonly -received or t heisti c hjpotbjri*^ 
creation by extern al agency* Altke in the rudest crMdi ibdSi 
the cosmogony' among ourselves, it is assumed that 

t he He avens and the Earth were made somewhat after the mfcwner 


in w hi ch aworlunan makes a piece of fuiyiiture. And thia is the 
assumption not only of theologians but 'of most philosophers. 
Equally in the writings of Plato and in those of not a few living 
men of science, we find it assumed that there is an aaalcfcy bet ween 
tfij*SS9P of .ffWrtiffikjWid .thf process oi manufacture; . Now 
not only ie this conception one which cannot by. any cumulative 
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petam at tfc&igbt, or the MBmtnt d prediction bated on ft, 
Tfcshqwmjpaaswertoaqglldqgjif^pl; hrt-Hcannot be mentally 
MK) wn when all it* assunfption* are granted. Though the 
P^trfNp at a human artificer may vaguely symbolise a method 
after whic^ the Universe might be shaped, yet im^nation jqC.M 
“*«thpd db«^t W^ tO.I»Jve the ultimate problem; namely, 
JkMg^. tlm pm^nm.gwiiMte. Hie 

artixan does not make the iryn, wood, or stone, he uses, ro merely 
fashions and combines them. If we suppose suns, and planets, and 
satellites, and all they contain to have been similarly formed by a 
** Great Artificer," we suppose* merely* that certain pre-existing 
elements were thus put into their present arrangement. But 
whence the pre-existing elements ? The prod uct ion of matt ff ou t 
of nothin g is the real mystery, which neither this simile nor' any 
other enable us tcsconceive; and a simile which does not enable 
us to conceive thjs may as well be dispensed with. Still 

more manifest becopies the insufficiency of this theory ^>f things, i 
whe n we t urn from material objects tj> that which contains them—| 
when instead of matter we contemplate space. Did there exist 
nothing but an immeasurable void, explanation would be needed as 
much as it is now. There would still arise the question—bow 
came it so ? If the theory of creation by external agency were an 
adequate one, it would supply an answer; and its answer would be 
—space was made ip the sajne monger that m a t te r wa* made. 
But the impossibility of conceiving this is so manifest that no one 
dares to^asseft it For if space was created it must have been* 
previously non-existent The non-existence of space cannot, how¬ 
ever, by any mental effort be imag ined. And if the non-existence 
of %pa£» is absolutely inconggiyable, tljgn, necessarily, its creation 
is absolutely in conceiv able. • Lastly, even supposing that the 

genesis of the Universe could real]/l a represented 'in thought as 
due to an external agency, the mystery would be as great as ever; 
for there would still arisq the question— how ca me there to be 
« an extern al jpiyy? To account for •this only the same three 
hypraKeT' are possible—sel f-existe nce, se lf-cr eation, and creation 
! >yexi«rnal ag en c y. Of these tne last is useless: it commits us .to 
'anm^weemtes of such agencies,and even then leaves us where 
we were, lihffi IftiffOTf **'* are led into the same predicament; 
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"■stowe, as already shown, self-creation implies an infinite series' of 
potential existences, We axe obliged, therefore, to fall back on 
t he fas t, which is the one co udn only accepted and commonly 
, sup posed to be satisfactory. Thews who cannot* ooapi;jpO» , a* self- 
existent Universe, and therefore assume a creator as thf.source of 
the Universe, take ibr granted that they c an con ceive a. aefr-existont 
Creator. The mystery which they recognise in tide great fact 
surrounding them on every side, they transfer to an alleged source 
of this great fact, andsthen suppose that they have solved the 
mystery. But they delude themselves. As was proved at thfe 
outset of the argument, & jf-ex is$f»€g.it ilKflUpe^yoble; and this 
holds true whatever be the nature of the object of which it is 
predicated. Whoever agrees that the atheistic hypothesis is 
untenable because it involves the impossible idea of self-existence, 
must perforce admit that the theistic hypothesis* is untenable if it 
contains the same impossible idea. 

Thus these three different suppositions, jerbally intelligible 
though they axe, and severally seeming to their respective ad* 
laments quite rational, turn out, when critically examined, to he. 
literally unthinkable. It is not a question of probability, or 
credibility, but of conceivabrlity. Experiment proves that the 
foments of these hypotheses cannot even be put together in 
consciousness; and we can entert ain them only as we entertain 
¥acft"heeud-ideas as a square fluid and a moral substance—only 
by abstaining from the endeavour to render them into actual 
thoughts. Or, reverting to our original mode of sfatengent, we 
may say that they severally anyolve symbolic conception^of .the 
^legitimate and illusive kind* differing so widely as they seem to 
& the atheistic, the pantheistic, and the theistic hypotheses dpntlin 
She same ultimate element « It is*impossibie to rfVoid making the. 
assumption of self-existenoe somewhere; and whether that aasump* 
tkm be made nakedly or under complicated disguises, it is equally 
vicious, equally unthinkable. Be it a fragment of matter, or some 
fancied potential form of matter, qr some more remote and still 
less imaginable mode of being, our Conception of its self-existenoe 
can be framed only by joining with it the notion Of unlimited 
duration through past time; And as unlimited duration is incon* 
eetvabie,all those formal ideas into which it enters jus i nconc ei vable t 
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mad indeed, if such an expression is allowable, are the more 
inconceivable in proportion as the other elements of the Ideas am 
indefinite. So tbit in fact, ifipoaiUe as it is to think of the 
actufil verse is self-existing, eedo bat multiply impossibilities 
of thougt^by every attempt we make to explain its existence 

| IS. If from the origin of the U nivers e we tarn to i ts nature," 
the like insurmountable difficulties rise up before us mFSETaSam 
—or rather, the s ame difficulties under mew aspects. We find 
(SisseKes obliged to isnake certain assumptions; and yet we find 
t^e assumptions cannot be represented in thought.*” 

" When we inquire what is the meaning of the effects produced on 
our erases—when we ask how there come to be in our consciousness 
impressions of sounds, of colours, of tastes, and of those various 
attributes we ascribe to bodies, we are compelled to regard them as 
the effects of some cause. We may stop short in the belief that 
this cause is what ye call matter. Or we may conclude, as some 
do, that matter is only a certain mode of manifestation of spirit, 
which is therefore the true cause. Or, regarding matter and spirit 
as proximate agencies, we may ascribe the changes wrought in our 
consciousness to immediate divine power. But be the cause we 
assign what it may, we are obliged to suppose some cause. And 
we are obliged n ot on ly to suppose some cause, but also 9 first 
cause . The matter, or spirit, or other agent producing these 
impressions on us, must either be the first cause of them or not. 
If it is .the first cause the conclusion is reached. If it is not the 
first cauke, then by uuplieation there must be a cause behind it, which 
thus becomes the real cause of the effect. Manifestly, however 
eoftipl$atecf the assumptions, the same contusion must be readied. 
We cannot ask how the changdl in oar consciousness are caused, 
without inevitably committing ourselves to the hypothesis of a 
First Cause. 

But now if^we ask what js the nature of this First C^nae, we are 
•driven by an inexorable logic £0 certain further conclusions. Is 
t he First Cause, finite. Jtt._infinite ? If we say finite we involve 
ourselves m % dilemma. To think of the First Cause as finite, » 
to th ink of it*as lim ited! To think of it as limited implies a 
consciousness of wmethiog beyond its limits: it is impossible to 
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oonoeive athing « bounded without assuming ft regior mmmmfing 
its boundaries. What now must we my of this region ? If the 
First Cause is limited, and there cofosequently lies something outside 
eFit^t^us something mus t h ave no First Cause—AurtboisefcaSised 
Chit if we admit thatlESe <*n he something Imcaused,>here is no 
reason to assume a cause for anything. If beyond that finite region 
over which the First Cause extends, there lies a region, which we 
are compelled to regard as infinite, over which it does not extend— 
if we admit that there ismn infinite dneansed surrounding the finite 
caused ; we tacitly abandon the hypothesis of causation altojgfether. 
Thus i t is impossible to consider the First Cause a§ finite. But if 
it cannot be finite it must be infinite. 

Another inference concerning the First Cause i s equally necessary. 
It must be independent. If it is dependent it cannot be the First 
Cause; for that must be the First Cause on whkrh it iepsnds. It 
is not enough to say that it is partially independent; since this 
implies sojpe necessity which determines its partial dependence, and 
this necessity, be it what it may, must be a higher cause, or the 
true First Cause, which is a contradiction. But to think of the 
First Cause as totally independent, is to think of it as that which 
exists in the absence of all other existence; seeing that if the 
presence of any other existence is necessary, it must be partially 
dependent on that other existence, and so cannot be the First 
Cause. Not only however must the First Cause be a form of being 
which has no necessary relation to any other form of being, but it 
can have no necessary relation within itself There can be nothing 
in i£ which determines change, and yet nothing which prevents 
change. For if it contains something which imposes such neces¬ 
sities or restraints, thus 1 something must be a cause higheb thkn 
the First Cause, which is absurd.* Thus the F irst Cause m ust be 
in every sense perfect, complete, total: including within itself 
all power and transcending all law. Or to use the established 
word, it must be Absolut e. 

Certain conclusions respecting the nature of the tfniverae, thus 
seem unavoidable. In our search* after causes, we discover so 
resting place until we arrivewt a First Cause; and Ve have no 
alternative but to regard this First Cause as Infinite and Absolute. 
These are inferences forced on us by arguments/torn which there 
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appears no escape. Nevertheless neither arguments nor inferences 
Skve more then nomine] values. It might easily be shown that 
the materials of which the arguments are built, equally with the 
CMH&isfcvqs based on them, are merely symbolic conceptions of the 
illegitimf{e order. Instead, however, of repeating the disproof 
used abele, it will be well to pursue another method ; showing the 
fallacy of these conclusions by disclosing their mutual contradictions. < 

Here I cannot do better than avail myself of the demonstration 
which My. Manuel , carrying* out in detail the doctrine of Sir 
William Hamilton, has givfen in his LtmiUofRclunom XhooeM 
And I gladly do this, not only because his mode of presentation 
cannot be improved, but also because, writing as he does in defence 
of the current Theology, his reasonings will be the more acceptable 
to the majority of readers. 

$ IS. Having given preliminary definitions of the First Cause, 
of the Infinite, and qf the Absolute, Mr. Mangel say s:— # 

“ But these three conceptions, the Cause, the Absolute, the 
Infinite, all equdK/ indispensable, do they not imply contradiction 
to each other, wheat viewed in conjunction, as attributes of one 
and the same Being ? A Cause cannot, as such, be absolute: the 
Absolute cannot, as such, be a cause. The cause, as such, exists 
only in relation to its effect: the cause is a cause of the effect; the 
effect is an effect of the cause. On the other hand, the conception 
of the Absolute implies a possible existence out of all relation. 
We attempt? to escape from this apparent contradiction, by intro* 
duping*the idea of succession in time* The Absolute exists first fay 
itself, and afterwards becomes a Causf. But here we are checked 
by thf third conception, that of the Infinite. How can the Infinite 
become that which 'it was not 4rom the first ? If Causation is a 
possible mode of existence, that which exists without causing is 
not Infinite; that which becomes a cause has passed beyond its 
former limits. 

u Supposing the Absolute to, become* cause, it will follow that , 
it operates by means of fr^gwill'and consciousness. For a necessary ; 
cause cannot be. conceived as absolute and infinite. If necessitated 
by something • beyond itself, it is thereby limited by a superior 
power; and if necessitated by itself, it has in its own nature a 
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mmmmrj relation to its (Act The act of otUMtioo must ftim- 
fbn bo voluntary; and volition is only possible in a eonaricS 
MSA But consciousness again Is only conceivable as a relation. 
Item moat be a conscious subject, and an objedt of w)»teh*he is 
isontdous. The subject is a subject to the object; the §£ject is an 
object to the subject; and neither can exist by itself as the absolute. 
This difficulty, again, may be for the moment evaded, by distin¬ 
guishing between the absolute as qplated to another and the 
absolute as related to itself. The Absolute, it may be said, may 
possibly be conscious, provided it is only conscious of itself.* Bdt 
this alternative is, in ultimate analysis, no less self-Hclestructive then 
the other. For the object of consciousness, whether a mode of the 
subjects existence or not, is either created in and by the act of 
consciousness, or has an existence independent of it. In the 
former case, the object depends upon the subject, and the subject 
alone is the true absolute. In the latter case, the subject depends 
upon the pbject, and the object alone is the tpie' absolute. Or if 
we attempt a third hypothesis, and maintain that each exists 
independently of the other, we have no absolute lac all, but only a 
pair of relatives; for coexistence, whether in consciousness or not, 
is itself a relation. 

“The corollary from this reasoning is obvious. Not only is the 
Absolute, as conceived, incapable of a necessary relation to any¬ 
thing else; but it is also incapable of containing, by the constitu¬ 
tion of its own nature, an essential relation within itself; as a 
Iwhole, for instance, composed of parts, or as a substance consisting 
of attributes, or as a conscious subject in antithesis to an*object 
For if there is in the absolute any principle of unity, distinct from 
die mete accumulation of parts or attributes, this principle Aonfii 
the true absolute. If, on the other hand, there* is ifo such principle, 
then there is no absolute at all, but only a plurality of relatives. 
The almost unanimous voice of philosophy, in pronouncing that 
the absolute is both one and simple, musj be accepted'as the voice 
of reason also, so for as reason has jmy voice in the matter. But 
this absolute unity, as indifferent add containing no attributes, can 
neither be distinguished from sthe multiplicity of finite beings by 
any characteristic feature, nor be identified with them in their 
multiplicity. Thus we are landed in an inextricable dilemma. 
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Tbs Absolut* tarraot be conceived a* conscious, neither can it be 
canceived as unconscious: it*c&nnot be conceived as complex, 
neither can it be conceived as simple: it cannot be conceived by 
diflbane^neithet can it be conceited by the ahaence of differ¬ 
ence: it cannot be identified with the universe, pother can,, it he 
distinguished from it The Onejtnd theMany, regarded, as 
^he^^pjming of existence, are thusafike iapomprehennbl. . 

“The fundamental conceptions of Rational Theology being 
thus self-destructive, we /nay’naturally aspect to find the same 
antagonism manifested in their special applications. • • • How, 
for example, can Infinite Pow*er be able to do all things and 
yet Infinite Goodness be unable to do evil? How can Infinite 
Justice exact the utmost penalty for every sin, and yet Infinite 
Mercy pardon the sinner ? How can Infinite Wisdom know all 
that is ts come, and yet Infinite Freedom be at liberty to do 
or to forbear? How is the existence of Evil compatible with 
that of an infinitely perfect Being; for if he wills it, he is 
not infinitely good; and if he wills it not, his will is thwarted 
and his sphere ofikdon limited ? • * • 

** Let us, however, suppose for an instant that these difficulties 
are. surmounted, and the existence of the Absolute - securely 
established on the testimony of reason. Still we have not succeeded 
in reconciling this idea with that of a Cause: we have done 
nothing towards explaining how the absolute can give rise to the 
relative, the infinite to the finite. If the condition of causal* 
activity is a higher state than that of quiescence, the Absolute,; 
whether* acting voluntarily or involuntarily, has passed from a > 
condition of comparative imperfection to one of comparative; 
perfection; and therefore was not originally perfect. If the state 1 
of activity is an inferior state to that o£ quiescence, the Absolute,; 
in becoming a cause, has lost its original perfection. Tbeie i 
remains only the supposition that the two states are equal, and the 
act of creation one of complete indifference. But this supposition 
annihilates the unity of the absolute, or it annihilates itsel£> 
If the act of creation is real, and yet indifferent, we must admit 
the possibility of two conceptions />f the absolute, the one as 
productive, the .other as non-productive. If the act is not real, 
the supposition itself vanishes. 
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'SjM tak ktm m.Umi rtativabe conorfvedA o wning lute 
* distinct wti&fimm thexbmlnte, 
to pirrfng fton noo-«ri®tes»e into «ri>toac& Bag to 
Ifptoifo an object u onhfltjjrtat, is Again a Mtoa^aiMaif 
; J|jr that which i» oonodvad exists, at an object of tbuA^ in end 
'Mfjf that conception. We may abstain from thinking &Fan object 
M ali; but, if we think of it, we cannot but think of at a* existing. 
H is possible A one time not to thinly of an object at aU, and at 
another to think of it a| already in being; but to think ofit to the 
act of becoming, in the progress fronf not being into being! is to 
think that which, in the Aery thought, annihilates itself • • • 
“To gu m up b riefly this portion of my argument. The con- 
ception of the Absolute and Infinite, from whatever side we view 
it, appears encompassed with contradictions. There is a contradic¬ 
tion in supposing such an object to exist, whether atone or in 
.conjunction with others; and there is a contradiction in supposing 
it not to a exist. There is a contradiction in csArceivtng it as one; 
mod there is a contradiction in conceiving it as many. There is 
a contradiction in conceiving it as personal; there is a con¬ 
tradiction in conceding it as impersonal. It cannot, without 
contradiction, be represented as active; nor, without equal con¬ 
tradiction, be represented as inactive It cannot be conceived 
as the sum of all existence; nor yet can it be conceived as a part 
only of that sum.** 


114. And now what is the bearing of these results on the 
questio n before us ? Our examination of Ultiotate Religious Ideas 
has bom carried on with the view of making manifest some 
fundamental verity contained in them. Thus far, however, *ge have 
arrived at negative conclusions only. Passing over the considera¬ 
tion of credibility, and confining ourselves to that of conceivability, 
we have seen that Atheisfb, Pantheism, and Theism, when 
rigorously analysed, severally prove to be wholly unthinkable. 
Instead of disclosing a fundamental verity existing in each, out 
inquiry seems rather to have shown that there is no fundamental 
verity contained in any. Tq, carry away this conclusion, however, 
would be a fatal error, as we shall shortly see. 

living out the accompanying code of conduct, which is a 
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qtmsjtai of agedfcy. But bo it in«the primitive Gwt theory, 
which MwmM a w«w» jMnoaolitjr behind eachtmcnal 
pbanooMom; be it to Polytheism, in which such pcooeifitlaB am 
partially gowiM; be it In Moootbemn, in which they oral 
wholly generalised; or be it ip Pantheism, in which the generalised 
personality becomes one with the phenomena; we equally And anj 
hypothesis which is supposadflo render the Universe comprehensible 
Nay, even that which is regarhl as the {legation of all Rdighm— 
even positive Atheism—comes within the definition; for it, toot, in 
asserting the self-existence of Space, Matter, and Motion, pro¬ 
pounds a theory from which it holds the facts to be dedutible. 
Now every theory dacitly asserts two things: first, that there is 
something to be explained; second, that such an? such is the ex¬ 
planation. Hence, however widely different speculator* disagree! 
in the solutions they give of the same problem, yet by implication 
they agree that tiU/e is a problem to be solved. Here then is an 
dement which all creeds have in common. Religions diametrically 
opposed in thfir overt dogmas, are perfectly at one in the tacit 
conviction that the existence of the world with all it contains anc^ 
all which surrounds it, is a mystery calling for interpretation. ^ 

Thus we come within sight of that which we seek. In the last 
chapter, reasons were given for inferring that human beliefs in 
general, and Especially the perennial ones, contain, under whatever 
disguises* of error, feme soul of trutli p and here we have arrived at 
a truth underlying even the rudest beliefs. We saw, further, that 
this sopl of truth is most likely some constituent common to con¬ 
flicting opinions of tHb same order; andahere we have a constituent 
contained by all religions. It was jjointed out that this soul of 
truth would almost certainly be more abstract than any of the 
crAds inyofcring it; and the truth above reached is one 'exceeding 
the mod abst^ct religious doctrines. In every 
respect, therefore, our conclusion'answers to the requirements. 

Hurt this is the vital element in albreligiom is farther shown by 
the fact 1 that it is the element which not only survives every change, 
but grows more distinct the more highly the religion is developed. 
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Aboriginal creeds, pervaded by thought! of personal agencies 
whic are usually unseen, conceive these sgenciesunder perfectly 
concrete and ordinary forms—class them with the visible agencies 
of men and animals; and so hide a vague perception ofanystery 
in disguises as unmysterious as possible. Polytheistic ^oncepUons 
in their advanced phases, represent the presiding personalities 
in idealised shapes, working in subtle ways, and communicating with 
men by omens or through inspired persons; that is, the ultimate 
causes of things are regurded as left familiar and comprehensible. 
The growth of a Monotheistic faitn, accompanied as it is by 
lapse of those beliefs in Which the di vine nature is assimilated to 
the human in all its lower propensities, shows us a further step in 
the same direction; and however imperfectly this higher faith is at 
first held, we yet see in altars “ to the unknown and unknowable 
God," and in the worship of a God who cannot by any searching 
oe found out, that there is a clearer recognition of the inscrutable- 
ness of creation. Further developments of theology, ending in such 
assertions as that “ a God understood would be no God at all," 
and “to think that God is, as we can thinkHbtat to be, is bias; 
phemy," exhibit this recognition still more distinctly. It pervades 
all the cultivated theology of the present day. 'So that while 
other elements of religious creeds one by one drop away, this 
remains and grows ever more manifest, and thus is shown to be the 
essential element. 

Here, then, is ajbr ut h in which religions in general agree with 
one another, and with a philosophy antagonistic to' their special 
dogmas. If Religion and Science are to be reconciled, the basis 
of reconciliation must be this deepest, widest, and most certain of 
aP facts—that the Power which toe ynivea^ jnanifests to ns is 
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$ What are Space and Time i 
soectinar tnem : fte one that they 


; ? Two hypotheses are current 
respecting them: the one that they are objective, the other that 
they are subjecti^h .. Let us see what becomes of these hypotheses 
under analysis. • 

that Spaseand Tiny exist objectively, is tftjsay that 
wntiTuii tiuA tkv are non-entities is 

•self-destnieti ve f non-entities are non-existences; and to allege that 
non-existencea<ex ^t object! veh^js. a contradiction in, .Jfeenas. 
Mbreover, to deny that Space and Time are things, and so by 
implication to call them nothings, involves the absurdity that 
there are two kinds of nothing. Neither can they be regarded 
SA^attribyt^ J?/. some entity. Not only is it impossible to 
conceive any, entity of which they are attributes, but we cannot 
think of them as disappeari ng, even if everyt hing else disappeared; 
whereas attributes . necessarily along. with tke^aifo 

Thus as Space and Time can be neither non¬ 
entities nor the attributes of entities, we are compelled to consider 
them as entities. But while, db the hypothesis of their 

objectivity, Space and Time must be classed as things, we find that 
torepresent them in thought as things is impossible. To be con- 
cyt ad at all„a t hi ng m y ah be conceived as having attributes. We 
f&i aktinguish something fironrnothing, only by the power which' 
the something has to act on our consciousness. The effects R 
mediately or immediately produces oifour consciousness we attribute 
to it, and call Its attributes; and the absence of these attributes 
is the absence of* the terms in which the something is conceived. 


ess xtmmvjniM 



'fjjht tjbtatttk 0f A omsqpptlaau 
t Hie only one which ft 



(Avertible terms: by estewdon, as we escribe ft to su^oundiQg 
o bj e cts, we mean oc cu pancy of Space; and thus to say that Space 
^extended, is to say that Space occupies Space. How we are 
dbiftariy vamhk to jjpi any attribute to scarcely needs 

jmmmgoiit. Nor tre Time arid Space unthinkable as entitims 
only from the absence of attributes, There is another peculiarity, 
familiar to moat people, which equally excludes # tbem from the 
category. All entities ac tually kn own as such, are limited; and 
even if we suppose ourselves either to know or to be able to eon* 
ceive some unlimited entity, we necessarily in so classing it separate 
it from the class of limited entities. But o f Space and Time we 
cannot assert either limitation or the absence of limitation. We 
fiST ourselves unable to form any mental iipagte of unbounded 
Space; and yet are unable to imagine bounds beyond which there 
s no Space. Similarly at the other extreme: it Is impossible to, 
think of a limit to the divisibility of Space; yet equally impossible 
to think of its infinite divisibility. And, without Seating them, 
it will be seen that we labour under like impotences in respect to 
Time. Thus we cannot conceive Space and Time as entities, 

and are equally disabled from conceiving them as either the 
attributes of entities or as non-entities. We are compelled to 
think of them as existing, and yet cannot bring them withjn those 
conditions under which existences are represented in thought. 

OfthW Wl m -the KftPtiim dortw*? *h«U w 

laws or conditions of the conscious mind ? To ao this is to 
escape from great difficulties by rushing into greater. The 
proposition with which Kant's philosophy sets out, vferbrlly 
intelligible thdugh it is, cannot,by any effort be rendered y to 
thought—cannot be interpreted ir.to an idea properly so (Midi; 
but stands merely for a pseud-idea. In the $rst plrxe, to 

assert that Space and Time are subjective conditions is, by 
implication, to assert that they are not objective realises: if 
0>a Space and Time present to our .minds belong to the effh 
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to think uua. ’am very 
M» that our eotmdmmmm at Space and 

TfdjRnnot be s uppsc seed t e sti fies as much; fisrthai e^in^ 
nem of Space end Time which we cannot rid ourml r m o£ fc 
fmadhusneas of them as existing objectively. It it neeiem to 
reply that* such on inability must inevitably result If they are 
subjective forms. The question here is—What does consckwianess 
directly testify? And the tlirect testi 



mind; and 


$ noo-extfteot even s up p o si n g 
^ Besides being positively unthinkable in what 

it tacitly denies, the theory of Kant is equally unthinkable in 
what it openly affirms. It is not simply that we cannot combine 
the thought of $pace with the thought of our own personality, 
and contemplate t£»e one as a property of the othgr—though 
our inability to do this would prove the inconceivableness of 
the hypothesis*—but it is that the hypothesis carries in itself 
the proof of Jts own inconceivableness. For if.. Space and Time 

thQXjan^nogr be intuited;' « njpQQ§ 
'WSSM* fir mthW to At once tfee/em of intuition and 
the That Space and Time are objects of 

comoousnea, Kant emphatically asserts by saying that it is 
impossible to suppress the consciousness of them. How, 

1 f fgimtfliinWTir* 9 If Spase and Time are the conditions 
under which we think, then when ye think of Space and Time 
themftelve4 our thoughts must be unconditioned; and if there 
can thus be aincbnditioned (thoughts, what becomes of the 
theory ? 

.lit Yesulta, therefore, that Space and Time are wholly incotn-i 
grehensible^ Hie immediate knowledge which we seem to have 
W them proves, when ekamined, to be^otal ignorance. While our 
belief in their objective reality is insurmountable, we are unable { 
to giA any rational account of it. «TAnd to posit the alternative; 
belief^ possible to state but impossible to realise) is merely to’ 
multiply irratiopalitiosy 






van unknowable 


IfoWen ft not far tins necessities of the aigUM*, It wodld 
lehmiMble to occupy the reeded attention with the threadbare, 
juedjret unerfed, controversy 
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to a supposition not realisable^ in thought.' We cam bisect and 
re-bi s ec t a body, and continually repeating the act until we reduce 
its parts to a site no longer physically divisible, may then mentally 
continue the process. To do this, however, is not Really to‘con¬ 
ceive the infinite divisibility of matter, but to form p symbolic con¬ 
ception not admitting of expansion into a real one, and not admit¬ 
ting of other verification. Really to conceive the infinite divisi¬ 
bility of matter, is mentally to follow out the divisions to infinity; 
and to do this would requiw* infinite time. On the othe r hand, 

■ tojemgrt^i^^ -^MSwJMrly. di viable, 

^ r tu ablg to parts which no power can divide; and this verbal 
supposition can no more be represented in thought than the other.: 
Pot each of such ultimate parts, did they exist,*"pmst have an, 
under and an upper surface, a right and a left side, mice any larger 
fragment. Now it is impossible to imagine its sides\o near that 
no plane of section can be conceived between them ; * nd however 
great be the assumed force of cohesion, it is impossible to shut out 
the idea of a greater force capable of overcoming it. So that to 
human intelligence the one hypothesis is no more acceptable than 
the other; and yet the conclusion that one or other must agree 
with the fact, seems to human intelligence unavoidable. 

, Again, let us ask whether substance has anything like that 
extended solidity which* it presents to our coudoBsobs. '.The 
portion of space occupied by a piece of metal, 1 seems to eyes and 


fingers perfectly filled: we perceive a homogeneous, resisting mam, 
without any breach of continuity. SfasJUsfc 

*t “ •* AiA — if "iT”” 9 . 

W MH nrf t Qif mm infinitely <iiin«h1«> elemen t or ‘of Units midi iUmDot' 

be fortber di vided , its parts are kverywhtsw in actual codwct? 
TTSSTiSTma ent^pm tie" In insuperable 
Ifattw thus absolutel y solid it would be—what it is nou -ab- 
asliitaly iacompwwBe; since compressibility, implying the neater 
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uptfrovA of cmxfa'toent parfe to not thinhaihb unless than ii 
unoccupied space aaong the parts, 



_ , : To eassoie this, 

however, merely shifts the ''Fbj granting that Matter as 

we percdvelt, is made up of dense extended units attracting and 
rspeUmg, the question atill&rises—What i%tbe constitution of thesei 
ifcitrf We must n^ard eaSh of them as a small piece of matter.^ 
limited at through a mental nucroscopSl each becomes a mi* such 
as we have just been contemplating. Just the same inquiries may 
be made respecting the parts of which each atom consists; while 
just the same difficulties stand in the way of every answer. Even 
were the hypothetical atom assumed to consist of still minuter 
ones, the di^ul^y would reappear at the next step; and so on 
perpetually. 

Boscovich’s eonogpiig iLvet ranainfl to.us. Seeing timt Matter 
xould not, spdLeibnitz suggested, be composed of unextended 
(sineWthe juxtaposition of an infinity of points having 
no extension^could not produce that extension which matter 
poss esses ), aid perceiving objections to the view entertained by 
Newton, Boscovicb proposed an intermediate theory. This theory 
is that t he constitu ents of . M a tter , *q uc e n fa nw ,,ftC icuwe—points 
without dimensions—which attract and repel one another in such 
wise as, to *be kept at specific distances apart And he argues, 
mathematically, (hat the forces possessed by such centres might 
so vary with the distances that unde 5 given conditions, the cehtres 
wbul<f reuAun in stable equilibrium with definite interspaces; and 
yJt, under other* coifditions, would maintain larger or smaller inter* 
sfLces. This speculation, however, escapes all the inconceivabilities 
alfhyff indicated by merging them m the o ne inc onceivability with 
wjjich it sets out A centre of fopce_abso |utely witbfw* 

It ~ The Ide^ ACissiafau^^ 

thought from the idea of aou&thing which offers i$sis^uace^. and 
this |?rottf>ing nwMt by » nf m!»pyiiag a ri“l To 

supposeLthat central forces can reside in points having positions 
only, witatnothipg to mark their positions—points in no respect 
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dktinguuhtUe from surrounding points which am not centres of 
fis t s ■ is beyond human power. 

But though the conception of Matter §9 .consisting of dense 
hyftv isible units is symbolic, and cannot by any e ff or t be flight 
out, it may yet be supposed to find indirect verifkstiouin the 
truths of che mi stry . These, it is argued, necessitate, the’''belief 

gri sts rf jgggfe j^ghsisj wsSLmS^ 

Toe law of definite proportions seems impossible 
on any other condition than the exfetenee of ultimate atoms; and 
though the combining weights of the respective element! sure 
termed by chemists their 4 equivalents,” for the purpose of avoid¬ 
ing a questionable assumption, we are unable to think of the 
combination of such definite weights, without supposing it to 
take place between definite molecules. Thus it would a pp e a r 
that the Newtonian view is at any rate preferable to that of 
Boscovich. A disciple of Boscovich, however, may reply that 

his master's theory is invoTvecT*m " dat of ^SewVocu amo cannot 



must answer. w And what," he may continue, w holfe together the 
parts of any fragments into which, by sufficient forwk an ultimate 
atom might be broken ? ” Again the answer must b*>— a cohesive 
force. ** And what,” be may still ask, “ if the ultimate atom were 
reduced to parts as small in proportion to it, as it is in proportion 
to a tangible mass of matter—what must give each part the ability 
to sustain itself?” Still there is no answer but—a cohesive force. 
Garry on the mental process and we can find ho limit until we 
arrive at the symbolic conception of centres of force without any 
extension. 

< Matter then, in its ultimate nature, is as absolutely incom¬ 
prehensible as Space and Time Whatever supposition we 
leaves us nothing but a choice between opposite absurdities^* 

oint of view, is hcycad mvsbaity. Fipm the phuaeopMeal 


point 
nudism 


point 

however, I ma/BflHBIhik 55 Itpostulatas a h 
strictly continuous (non-moleculart, which 
perfect fluid in the sense of having no visoosity, and which has 
arts out with what Mjjgajs^A fluid /> 
implying mass, and wd is yet absolutely friotionleea ■% 


mpnanbl^e whi 
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§ 17 . A body impelled by head it perce i ve d to move, mid 
to move in i definite direction: doubt about it* motion teem* 
impossible. Yet, we not only may be, but usually are, quite 
ejwiflpin both these judgments, flere, for instance, is a ship 
which wa will suppose to be anchored^at the equator with her 
head to we West. When the captain*walks from stem to stem, 
in does he move ? East is the obvious answer an 

answer which for the moment may pass without criticism.But 
now the anchor is heaved, «a^d * the vessel Auls to the West with a 
velocity equal to that at whjch the captain walks. In what 
direction does he now move when he goes from stem to stem ?, 
You cannot say East, for the vessel is carrying him as fast towards 
the West as he walks to the East; and you cannot say West for 
the convene reason. In respect to things outside the vessel he 
is stationary, thoudi to all on board he seems to be moving. But , 
now are we quitgjiaB* of this conclusion ?—Is he really stationary ? 
On taking into accoupt the Earth's motion round its axis, we find 
that he is traveling at the rate of 1000 miles per hour to the 
East; so that,wither the perception of one who looks at him, 
nor the inference of one who allows for the ship's motion, is 
anything likajright. Nor indeed, on further consideration, do 
we find this freviaed conclusion to be much better. For we 
have not allowed for the Earth's motion in its orbit. Ikii 
being some 68,000 miles per hour, it follows that, assuming the 
time to be midday, be is moving, not at the rate of 1000 miles per 
hour to 4jhe £ast, but at the rate qf 67,000 miles per hour to the 
East. Nay, not even now have we discovered the true rate and 
the true diUpction of his movement. *With the Earth's progress 
in its qfbit, fe have to join that of the whofe Solar system towards 
theiqonstellation 'Hercules. WHfen we*do this, we perceive that 
he | moving neither East nor We«y but in a line inclined to the 
plaiyie of the Ecliptic, and at a velocity greater or less (according 
to $ie time of the year) than that above named. And were the 
constitution of our Sidereal System fully known, we should probably 
discovery the direction and rate of his actual movement to differ 

parts moVa among one another Without any low of motion, cannot ha truly 
represented'foi conacioosocH. Even were it otherwise, the hypothesis is 
held by ProL%Perk Maxwell to be untenable (see art “Atom,* Stuff. BriL). 
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considerably even from these. f Thus we are taught that what 
we are conscious of is not the real motion of any object, either in 
its rate or direction, but merely its motion as npeasured from an 
assigned position—either oust own or some other. Yet 4B this 
[very process of concluding that the motions we perceive are not 
the real motions, we tacitly assume that there are reef motions. 
We take for granted that there is an absolute comae and an 
absolute velocity, and we find it impossible to rid ourselves of this 
idea. Nevertheless, absolute motion oannot even be imagined, 
much less known. Apart from those marks in apace which. 
habitually associate with ‘it, motion is unthinkable. For motion 
is change of place; but in space without marks, change of place 
is inconceivable, because place itself is inconceivable.) Place can 
be conceived only by reference to other places; and in the absence 
of objects dispersed through space, a place couM be conceived only 
in relation to the limits of spare; whence ii.jo^kur* that in un¬ 
limited space, place cannot be concei ved— jrall places must be 
[equidistant from boundaries which do 
obliged to think that there is an absolute 
motion cannot be represented in thought. 

Another insuperable difficulty presents itself when we con¬ 
template th e transfer of Motion. Habit blinds us to me marvellous¬ 
ness of this p5omIE , Mffliliar with the fact from childhood, 
we see nothing remarkable in the ability of a moving thing to 
generate movement in a thing that is stationary. It is, however, 
impossible to understand it. jb what respect does a bgdy after 
impact differ from itself befbre impact ? What is this Added to 
it which does not sensibly*affect any of its properties and yet 
enables it to traverse 'space ? Here is an object at lest aSpd here 
is the same object moving. In the one state if has no tendfacy 
to change its place, but in the other it is obliged at each ins^int 
to assume a new position. What is it which will for ever g<| on 
producing this effect without bejng exhausted ? and how,dots it 
dwell in the object ? The* motion you say has been communicated. 
But how?—What has been communicated? The striking body 
has not transferred a thing 4o the body struck; and it is equally 
out of the question to say that it has transferred KtyaUribuU. 
What then fare it transferred ? 


not ex^jt. Thus while 
motion, r* find absolute 
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Once more there b the old ,puztle co ncern ing thcconneriop 
b e t we en Motion and Rest. A body travelling at a given velocity 
cannot be brought to a state of rest, or no velocity, without 
pasndpthrough all intermediate velocities. It b quite possible to 
think of its motion as diminishing insensibly until it becomei 
infinitesimal; and many will think equally possible to pass in 
thought from infinitesimal motion to no motion. But this b an 
error. Mentally follow out the decreasing velocity as long as yon 
please, and there still remain! tome veldkity; and the smallest 
md ve nfent b separated by an impassable gap from no movement. 
As something, however minute, b infinitely great in comparison 
with nothing t so b even the least conceivable motion infinite as 
compared with rest. 

Thus neither when considered in connexion with Space, not 
when considered in ^connexion with Matter, nor when considered 
in connexion withJBtest, do we find that Motion b truly cognizable 
All efforts to und^rs^tod its essential nature do but briag us to 
alternative impossibilities of thought. 

§ 18. On IifWg a chair the force exerted we regard as equal to 1 
that antagoniamc force called the weight of the chair, and we can¬ 
not think of diese as equal without thinking of them as like in 
kind; since equality is conceivable only between things that are 
connatural. Yet, contrariwise, it is incredible that the force 
existing in the chair resembles the force present to our minds. It 
scarcely qeeds to point out that siqce the force as known to us b 
an affect ibn of consciousness, we cannot conceive the force to exist 
in the chair (Inder the same form without endowing the chair with 
conSbioqSnessr) So that it is absurd to thirik of Force as in itself 
like Mur sensation* of *t, and yet Accessary so to think of it if we I 
reprfsent it in consciousness at all. # 

H*?w, again, can we ^nderetau&tfe^^ 
jpttiMlMg * .Mat^r is kr^wn to us.only throu^it^jgjaafeta- 
tians of F orce: abstract its resistance Mediately or immediately 
offeredand there remains nothing but empty extension. Yet, on 
the other hahd, rgistapce^is. equ^X-MP^uqkaldfiua pftr t tom 
MatbBP~ 4kiart from something extended. Not only are centres of 
‘fyicc "clevoii^ of extension unimaginable, but we cannot imagine 
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cither extended or unextended centres of force to attract end npd 
other such centres et a distance, without the intermediation of some 
kind of matter. The hypothesis of Newton, eqpaliy with that of 
[Boscovich, is open to the charge that it supposes (me thio|% act 
an another through empty space—a supposition which, cannot he 
[ repre s en ted in thought. ‘This charge is indeed met by introducing 
a hypothetical fluid existing among the atoms or centres. But the 
^problem is not thus solved: it is simply shifted, and reappears 
when the constitutiorf of this fluid, is inquired into. How 

impossible it is to elude the difficulty is best seen in the Ease*o f 
astronomical forces. Hie Sun gives us sensations of light and 
beat; and we have ascertained that between the cause as existing 
in the Sun, and the effect as experienced on the Earth, a lapse of 
eight minutes occurs: whence unavoidably result in us the con¬ 
ceptions of both a force and a motion. So-$hat for assuming a 
luminiferous ether, there is the defence, not-« , v)gJ 4 iat the exercise 
of force»through 92 , 000,000 of miles of abspluVe vacuum is incon¬ 
ceivable, but also that it is impossible to conc&re motion in the 
absence of something moved. Similarly in the 
Newton described himself as unable to think that 
• one body for another at a distance, could be ex< 
of an intervening medium. But now let us 
forwarder we are if an intervening medium be assumed. This 
ether whose undulations according to the received hypothesis 
constitute heat and light, and which is the vehicle^of gravitation 
‘ —how is it constituted ? V(e must regard it in the .way that 
physicists usually regard it,* as composed of atoms or molecules 
which attract and repel one another: infinitesimal ft may be in 
comparison with those of ordinary matter, but still a&raw hr mole¬ 
cules. And remembering* that this ether is imponderable, w^ are 
obliged to conclude that the patio between the interspaces of 
atoms and the atoms themselves is immense. Hence we ha^e to 
conceive these infinitesimal molecules acting cm one another 
relatively vast distances. * How is this conception easier than (he 
other? Wtf still have mentally to represent a body as acting 
where it is not, and in the absence of anything by which its action 
may be transferred; and what matters it whether thislakes piece 
on a large or a small scale? Thus we are qbtigedAo on ’ 



attraction of 
in the absence 
ow much the 
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that* matter, whether ponderable or imponderable, and whether 
aggregated or in its hypothetical unite, acts on matter through 
absolutely vacant space; and yet this conclusion is unthinkable 
Ari Wh er difficulty of conception, qpnverae in nature but equally 
insurmountable, must be added. If, on the one hand, we cannot 
in thought see matter acting upon matter through vacant space; 
on the otjaep hand* Hi* inenmn—h—»hU. .il^a ^ *11 6 y * ift g tinr t 

ih rnilH he the Mine w heth e r the inter renlng snace i| MUacLjnth 
mdtt ef or ,Mt. I lift from the^ ground, and continue to hold, a 
pound weight. Now, into the vacancy bitween it and the ground, 
is introduced a mass of matter of any kind whatever, in any state 
whatever; and the gravitation of the weight is entirely unaffected. 
Each individual of the infinity of particles composing the Earth 
acts on the pound ia absolutely the same way, whatever intervenes, 
or if nothing 4ntexvQpes. Through eight thousand miles of the 
Earth's substance, eaph molecule at the antipodes adapts each 
molecule of the weight, in utter indifference to the fulness or 
emptiness Of th*f space between them. So that each portion of 
matter in its dealings with remote portions, treats all intervening 
portions as though they did not exist; and yet, at the same time, 
it recognizes their existence with scrupulous exactness in its direct 
dealings with them. 

While then.it is impossible to form any idea of Force in itself, 
it is equally impossible to comprehend its mode of exercise. 


§ 19. “Turning now from the outer to the inner world, let # ua 
contemplatct not the agencies to which we ascribe our subjective 
modifiq&tior jt but the subjective mod ifi cations themselves. These 
corJtitute a series. * Difficult m we find it distinctly to indi¬ 
vidualize them, it is nevertheless beyond question that our state s 

{Is this chain of states of consciousness infinite or finite? We 
cannot say)infinite; not only because we have indirpetlv 

*mMBsuak&* 



h ^mmeSm o t ' eith er. ip f it s ends. Go hack in merooiy as far as w® 
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may, we are wholly unable to identify our first states of ©onachn®* 
ness. Similarly at the other extreme. We infer a termination 
to the series at a future time, but cannot dirqptly know it; and 
we cannot really lay hold ofi that temporary termination^Tlached 
at the present moment. For the state of consciousness recognized 
by us as our last, is not tfruly our last. That any mental affection 
may be known as one of the series, it must be remembered— repre¬ 
sented in thought, not presented. The truly last state of, conscious¬ 
ness is that which is passing in the ^ very act of contemplating a 
state just past—that in which we ate thinking of the one'before 
as the last So that the proximate end of the change eludes us, in 
well as the remote end. 

“ B ut," it may be said, M though we cannot directl y know con- 
sdousness to be finite in duration, because neither of its limits can 
be actually reached, yet we can very well conceive it to be so.* 1 No: 
not even this is true. *We cannot conceive |hj* i ^terminations of 
that consciousness which alone we really |fnov—our own—any 
more than we can perceive its terminations. For/in truth the two 
acts are here one. In either case such terminations must be, as 
above said, not presented in thought, but represented; and they 
must be represented as in the act of occurring. Now to represent 
the termination of consciousness as occurring in ourselves, is to 
think of ourselves as contemplating the cessation of the last state 
of consciousness; and this implies a supposed continuance of 
consciousness after its last state, which is absurd. 

Hence,(while we sure unable either to believe or to conceive that 
the duration of consciousness is infinite, we are equally unable 
either to know it as finite, or to conceive it as finite :jh*e can only 
infer from indirect evidence that it is finite. 

| SO. Nor do we meet with any greater success when, insisted 
of the extent of consciousness, we consider its substance. The 
question— What is this that thpk* ? admits of no fetter solution 
than the question to whfch we have just found none but inooo- 
»vab!e answers.' 

The existence of each individual as known to himself, bps always 
been held the most incontrovertible cn truths. To aay—“I am 
ic sure of it as I am sure that I exist," is, in common speech, the 
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matt emphatifc e xpres sion of certainty. And this fact of personal 
existence, testified to by tbe*universal consciousness of men, has 
been made the basis of mare philosophies than one. 

Belief in the reality of self caiyiot, indeed, be escaped while 
normal consciousness continues. What shall we say of these 
successive impressions and ideas which' constitute consciousness ? 
Are they affections of something called mind, which, as being the 
subject of them, is the real ego t If we say this we imply that 
the ego is an entity. Shgll we assert thnt these impressions and 
ideas •are not the mere superficial changes wrought on some thinking 
gujwtangfc but are themselves the very- body of this substance—, 
are severally the modified forms which it from moment to moment 
assumes? This hypothesis, equally with the foregoing, implies 
that the conscious self exists as a permanent continuous being; 
since modification^ necessarily involve something modified. Shall 
we then betake ourselves to the sceptic's position, and argue that 
our impr essions and ideas themselves are to us the only existences, 
and that the personality said to underlie them is a fiction? We, 
do not even tlyis escape; since this proposition, verbally intel¬ 
ligible but really unthinkable, itself makes the assumption which 
it professes £o repudiate. For how can consciousness be wholly! 
resolved into impressions and ideas, when an impression oil 
necessity implies something impressed? Or again, how can the ! 
sgsatic, who has decomposed his consciousness into impressions 
and ideas, explain the f act that .he ^considers them as Aw impres¬ 
sions and icfgfi? Or once more, if, as he must, he admits that 
he has %n impression of his personal existence, what warrant can 
he show fo| rejecting this impression, as unreal while he accepts 
aU*his*oth«r impressions as real? • 

But now, unavoidable as is» this belief, it is yet a belief 
admitting of no justification by reason: nay, indeed, it is a belief 
wnich reason, when pressed for a distinct answer, rejects. One of 
the most recent writers who has touched on this question— 
Mr. Mansel—does, ind&d* contend that in the consciousness of 
self we have a piece of real knowledge. His position is that “ let 
system'makers say what they will, the unsophisticated sense of 
■ mankind refuses to acknoViedge that mind is but a bundle of 
•kales of consciousness, as matter is (possibly) a bundle of s en s i ble 
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vie piyi but mQ impact to “iba uanpkkoatail 
«£to* of Mankind* when it tacttfim to the objectivity of u$mm 
H o wovur, it may readily fay shown that a cogttHxa '#§& 
Jftperiy ao called, k negatived fay those laws of thought which 
he emphasises. The fundamental condition to all mdoiMOi 
te^tod upon fay Mr. Manselin common with Sir William 
Hamilton and others, k the anjyjU$sis of subject andotyact. 
On this “primitive dualism of coasdausness,* “from which the 
explanations of philosophy must toie their start,* Mr. Maxufel 
founds his refutation of the German absolutists. # But now what 
k the corollary, as bearing on the consciousness of self? The 
mental act in which self is known implies, like ev er y other mental 
act, a perceiving subject and a perceived object. If, then, the 
object perceived is self, what is the subject that perceives ? or if 
it k the true self which thinks, what other py-it be that k 
thought pf? Clearly, a true cognition of s^ff implies a state in 
which the knowing and the known are one—in which subject and 
object are identified; and this Mr. Manse! rightlji holds to be thg 
annihilation of both. 

So that< the personality of which each is conscious, and the 
existence oTwhich is to each a fact beyond all others the most 
certain, k yet a thing which cannot be known at all, in the strict 
of the word. 


| 21. Ultimate Scientific Ideas, then, are all re presen tative of 
realities that cannot be comprehended. After no matter how 
great a progress in the colligation of facts and the establishment of 
generalisations ever wider and wider, the fundamental t^sth remains 
as much beyond reach as erer. The explanation of that which is 
explicable, does but bring into greater clearness the inexplicablejess 
of that which remains behind. . Alike in the external and the 
internal worlds, the man of science sees himself in the midst of 
p er p etual changes of which he can .discover neither Che beginning 
nor the end. If he allows himself*to entertain the hypothesis that 
the Universe origiually existed in a diffused form} he finds it 
impossible to conceive how this came to* be so; and equally, if he 
•p*Bw1***w on the future, he can assign no limit to the grand 
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In lilt* manner If he looks inmd he peresfom that both ends of tha 
thread of oonscioptnass are beyond his pup. Neither cod can be 
represented in thought Whw, spin, he term fttwB ti» unwim 
if phenomena, external or internal, to their intrinsic nature, he it 
just at much at fault. Supposing him ift every case able to resolve 

tion»SF©x^^ Sp&ce and,Time; he still finds that Force, Space, 
and Time pass all understanding. SinjiJtrly, though ana|ya|» of 
mental actions may finally Tiring him down to sensations, as the 
original materials out of which all thought is woven, yet he it 
little forwarder; for he can give no account either of sensations 
themselves oraf that which is conscious of sensatjpns. Objective 
and subjective things he thus ascertains to be alike inscrutable in 
their substance and genesis. In all directions his investigations 
eventually bring hinj /ace to /ace with an insoluble enigma; and 
he ever more clearly perceives it to be an insoluble enigma. He 
ladriis at once the greatness and the littleness of the h uman 
intellect—its _pc*rer in dealing with all that comes within the 
range of experience, its impotence in dealing with all that 
transcends experience. He, more than any other, truly knows that 
in its ultimate nature nothing can be known. 


4 





CHAPTER'IV 

THE RELATIVITY OF ALL KNOWLEDGE 

| SSL ; The same conclusion is thus arrived at from whichever 
point we set out Ultimate religious ideas and ultimate scientific 
ideas, alike turn out to be merely symbols of the actual, not 
cognitions of it 

The conviction, so reached, that human intelligence is incapable 
of absolute knowledge, is one that has been slowly gaining ground. 
Each new ontological theory, propounded in lieu of previous ones 
shown to be untenable, has been followed by ,a new criticism 
leading to a new scepticism. All possible conceptions have been 
one by one tried and found wanting; and so the entire field of 
speculation has been gradually exhausted without positive 
result: the only result reached being the negative one above 
stated—that t he reality existing b e hind all a ppearances is, and 
must ever be, u nkno wn. To this conclusion almost' every thinker 
of note has subscribed. “With the exception," says'Sir William 
Hamilton, “of a few late Absolutist theorisert in Germany, this 
is, perhaps, the truth of all others most harmoniou^y re-echoed 
{nT every philosopher of every school." And among these * be 
names—ProUgoras, Aristotle, Sk. Augustin,* Boethius, Averroes, 
Aibertus Magnus, Gerson, Leo Hebneus, Meiancthon, Scaliger, 
Francis Piccolomini, Giordano Bruno, Campanelia, Bacon, Spinoza, 
Newton, Kant. 

ilt remains to point cot how .this belief jnay be established 
rationally! as well as empirically.; Not only is it that, as in the 
earlier thinkers above named, a vague perception of the inscrut¬ 
ableness of things in themselves results from discovering the 
illusiveness of sense-impressions; and not only is it that, as 
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shown in the* foregoing chapters, ex perime nt! eydlve alternative 
imponibilities of thought out of every fundamental conception; 
but it i§ that the relativity of our knowledge may be proved 
anal?fc1fcaHy. The induction drhwtr»from*' general and special 
experiences, may be confirmed by a deduction from the nature 
of our intelligence. Two ways of reaching such a deduction 
exist. Proof tha t our c ognitions are not, and ne ve r ca n, be, 
&baoIute,l*obtAm able by analyzing either the product of tho u g ht , 
or the jmm u of thought. *£et k us analyzeWh. 

§ 28. If, when walking through tTie fields some day in 
September, you hear a rustle a few yards in advance, and on 
observing the ditch-side where it occurs, see the herbage agitated, 
you will probably turn towards the spot to learn by what this 
sound and motion Ate produced. As you approach there flutters 
into the ditch a # portridge; on seeing which your curiosity is 
satisfied—you have what you call an explanation of the appear¬ 
ances. The explanation, mark, amounts to this; that whereas 
throughout life >’ou have had countless experiences of disturbance 
among small stationary bodies, accompanying the movement of 
other bodies* among them, and have generalised the relation 
between such disturbances and such movements, you consider 
this particular disturbance explained, on finding it to present 
an instance #f the like relation. Suppose you catch the 

partridge; ajtd, wishing to ascertain why it did not escape, 
examine it, and find at one spot a Jrace of blood on its feathers. 
You now understand , as you say, whaf has disabled the partridge. 
It has been wounded by a sportsman^-adds another case to the 
cases already seen by you, of birds being kfiled or injured by the 
shot discharged At them from f8wling*pieces. And in assimilat¬ 
ing this case to other such cases, consists your understanding of 
it. Jlut now, on consideration, a difficulty suggests itself. 

Only a single. shot has.stsuck the partridge, and that not in a 
vital place: the wings are uninjured, as are also those muscles 
which move them; and the creature proves by its struggles that 
it has abundant strength.. Why tHfen, you inquire of yourself, 
does it not fly? Occasion favouring, you put the question to 
an anatomist, who furnishes you with a solution. He points out • 
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that this solitary «hot has passed cfcise to the piaee at which *tha 
nerve npplying the ving-mtucltt of one side, diverges from the 
•pine; end explains that a slight injury to this* nerve, extending 
even to the rupture of a fewfibm. may, by preventing a phd 
co-ordination in the actions of the two wings, destroy the power 
of flight. You are no longer puzzled. But what has happened f 
—what has (hanged your state from one of perplexity to one of 
comprehension f Simply the disclosure of a class of previously 
known cases, along with which vou # can include this case. The 
connexion between lesions of the pervous system and paraljMs'of 
limbs has been already thany times brought under your notice; 
and you here find a relation of cause and effect that is essentially 
similar. 

Let us suppose you are led to ask the anatomist questions about 
some organic actions which, remarkable though* they are, you had 
not before cared to understand. How is respiration* effected ? you 
ask—why does air periodically rush into the. lungs ? The answer 
is that influx of air is caused by an enlargement of the thoracic 
cavity, due, partly to depression of the diaphragm'partly to motion 
of the ribs. But how can these bony hoops move, and how does 
motion of them enlarge the cavity ? In reply tire anatomist 
explains that though attached by their ends the ribs can move a 
little round their points of attachment; he then shows you that 
the plane of each pair of ribs makes an acute angle wjth the spine ; 
that this angle widens when the sternal ends of the ri^s are raised; 
and he makes you realize the consequent dilatation of the cavity, by 
popiting out how the area of 1 a parallelogram increases as fts angles 
approach to right angles: you understand this special fact when 
you see it to be an insthnce of a general geometrical fact. *• There 
still arises, however, the questidh—why does the air rush into 
this enlarged cavity ? To which comes the answer that, when the 
thoracic cavity is enlarged, the contained air, partially relieved 
from pressure, expands, and so loses some of its resisting, power; 
that hence it opposes to*the pressure ofr the external air a less 
pressure; and that as air, like every other fluid, presses equally 
in all directions, motion must result along any line In wjhich the 
resistance is less than elsewhere; whence follows an inward current. 
And this interpretation you recognize as one, when a few facts of 
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Hktf kind, exhibited non {dain^r in a iUb fluid each a mha 
we died in illustration. Again, after being shown that the 
Hmbe are compound levers acting in essentially the same way as 
levels wf iron, you would consider yourself as having obtained a 
partial rationale of animal movements. The contraction of a 
muscle, seeming before quite unaccoun&ble, would seem less on* 
accountable jvere you shown how, by a galvanic current, a series of 
soft ife magnets could be jcamdtt to shorten itself through the 
attraction of each magnet/or its neighbours:—an alleged analogy 
which especially answers the purpose of our argument, since, whether 
real or fancied, \t equally illustrates thtf mental illumination that 
results on finding a class of cases within which a particular case 
may perhaps be included. Similarly when you learn that 

animal heat arises from chemical combination, and so may be 
classed with heat evolved in other chemical combinations—when 
you learn that the absorption of nutrient liquids through the coats 
of the intestines is an # instance of osmotic action—when you learn 
that the changes undergone by food during digestion, are like 
changes artificially producible in the laboratory ; you regard your¬ 
self as knowing something about the natures of these phenomena. 

Observe now what we have been doing. We began with special 
and concrete facts. In explaining each, and afterwards explaining 
the general facts of which they are instances, we have got down to 
certain highly general facts:—to a geometrical principle, to a 
simple law of mechanical action, to a law of fluid equilibrium—to 
truths in physics, in chemistry, in thermology. 'Hie particular 
phenomena with which we set out have been merged in larger pnd 
larger groups of phenomena; and as /hey have been so merged, 
we*ha\£ arrived at solutions we consider profound in proportion 
as this process has betn carried far. Still deeper explanations are 
simply further steps in the same direction. When, for instance, 
it is asked why the law of action of the lever is what it is, or why 
fluid equilibrium and fluid motion exhibit the relations they do, the 
answer furnished by mathematicians consists in the disclosure of 
the principle of virtual velocities—a principle holding true alike 
in fluids and solids—a principle under which the others are 
comprehended. 

Is th is pro cess limited or unlimited? Can we go on for ever 
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explaining classes of facts by including them in larger classes; or 
must we eventually come to a hugest clam? The supposition 
that the process is unlimited, were any one absurd enough to 
espouse it, would still imply «that an ultimate explanationTfeuld 
not be reached, since infinite time would be required to reach it. 
While the unavoidable cohdusion that it is.limited, equally implies 
that the deepest fact cannot be understood. For if the successively 
deeper interpretations of Nature which constitute advancing know¬ 
ledge are merely successive inclusions of special truths in general 
truths, and of general truths in truths still more general;*it 
follows that the most general truth, not admitting of inclusion in 
any other, does not admit of interpretation. Of necessity, there¬ 
fore, explanation must eventually bring us down to the inexplicable. 
Comprehension must become something other than comprehension, 
before the ultimate fact can be comprehended.» 

| 24.(The inference which is thus forced oq us when we analyze 
the product of thought, as exhibited objectively in scientific 
generalizations, is equally forced on us by art analysis of the 
process of thought, as exhibited subjectively in consciousness. 
The demonstration of the relative character of our knowledge! as 
deduced from the nature of intelligence, has been brought to its 
most definite shape by Sir William Hamilton. I cannot here do 
better than extract from his essay on the “ Philqpophy of-the 
Unconditioned,” the passage containing the substance of his 
doctrine. 

• , • 

‘‘The unconditionally unlimited, or the Infinite , the Uncondi¬ 
tionally limited, or the Abaohde , cannot positively be construed to 
the mind; they can be?-conceived, only by a thinking awrfy frt>m, 
or abstraction of, those very conditions under which thought itself 
[ is realized; consequently, the notion of the Unconditioned is only 
r negative,—negative of the conceivable itself. For example, on the 
one hand we can positively conceive,, neither an absolute whole, 
that is, a whole so great; that we cannot also conceive it as a 
relative part of a still greater whole; nor an absolute part, that 
is, a part so small, that weveannot also conceive it'as a relative 
whole, divisible into smaller parts. On the other hand, we cannot 
positively represent, or realize, or construe to the mind (as here 
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understanding and imagination coincide), an infinite whole, for 
thia could only be done by the infinite synthesis in thought of 
finite wholes, which would itself require an infinite time for its 
accdVhplishment; nor, for the same* reason, can we follow out in 
thought an infinite divisibility of parts. The result is the same, 
whether we apply the. process to limitfttion in space, in time, or 
in degree, t * • 

“As the conditionally limited (which we may briefly call the 
conditioned) is thus the only'possible object of knowledge and 
of positive thought— though t necessari ly supposes conditions. To 
think is to condition; and conditional limitation is the fundamental 
law of the possibility of thought. For, as the greyhound cannot 
outstrip his shadow, nor (by a more appropriate simile) the eagle 
outsoar the atmosphere in which he floats, and by which alone 
he may be supported; so the mind cannot transcend that sphere 
of limitation,.within and through which exclusively the possibility 
of thought is re&lizcyL • • • How, indeed, it, coul<j ever be 
doubted that thought is only of the conditioned, may well be 
deemed a matter of the profoundest admiration. Thought cannot 
transcend consciousness; consciousness is only possible under the 
antithesis of a subject and object of thought, known only in correla¬ 
tion, and mutually limiting each other; while, independently of this, 
all that we know either of subject or object, either of mind or matter, 
is only a knowledge in each of the particular, of the plural, of the 
different, of the modified, of the phenomenal. We admit that 
the consequence of this doctrine is,—that philosoph y, if viewed as 
more t h*an a science of the conditi oned , is impossible. Departing 
from the particular, we admit, that we can never, in our highest 
generalizations, rise above the finite; that our knowledge, whether 
of mind or matter, can be nothing more Jthan a knowledge of the re¬ 
lative manifestations of an existence, which in itself it is our highest] 
wisdom to recognize as beyond the reach of philosophy. * * • 

“ We are thus ta ugh t ^he salutary . lesso n, that the capac ity of 
thought is not to be constituted into *the measure of existence; 1 
and are w arned from recognizirfg the domain of our knowledge as 
necessarily ch-extensive with the hosjzonOf our faith* And by a 
wonderful revelation, we are thus, in the very consciousness of our 
inability to conceive aught above the relative and finite, inspired 
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with t belief in the existence’ of something uncondftkmed bejrtnd 
Hie sphere of ell comprehensible reality." 

Clear end conclusive es this statement of the cfse appear* when 
cenftdly studied, it is express-^ in so abstract e manner eoto be 
not very intelligible to the general reader. A more popular 
presentation of it, with illustrative applications, as given by Mr . 
Manael in his Li mits of ReJigioui Thought, will make it more 
Iu3y understood." The following extracts, which 1 take the liberty 
of making from his pages, will suffice. 

“ The v ery concepti on of consciousness, in whatever mode *it 
may be, manifested, necers&rily Implies distinction between one 
object and another. To be conscious, we must be conscious of 
something; and that something can only be known, as that which 
it is, by being distinguished from that which it is not. But 
distinction is neoessarily limitation; for, if one object is to be 
distinguished from another, it must possess sgme fotjn of existence 
which the oth^r has not, or it must not possess some form which 
the other has. * * * If all thought is limitation;—if whatever 
we conceive is, by the very act of conception, regarded as finite,— 
the infinite , from a human point of view, is merely a name for the 
absence of those conditions under which thought is possible. .To 
speak of a Conception of the Infinite is, therefore, at once to affirm 
those conditions and to deny them. The contradiction, which we 
discover in such a conception, is only that which we Ijave ourselves 
placed there, by tacitly assuming the conoeivability of the inconceiv¬ 
able. The condition of consciousness is distinction t ahd condition 
of distinction is limitation. We can have no consciousness of Being 
in general which is not somt^ Being in particular: a thing, in con¬ 
sciousness, is one thing out of many. In assuming the possibility of 
an infinite object of consciousness, I assume,‘therefore, that it is 
at the same time limited and unlimited;—actually something, 
without which it could not be an object of consciousness, and 
actually nothing, without which it could not be infinite. • * • 

“ A second characteristic of CJpn^oi&no* is, that it is only 
pos sible in the form of a rekUiort There must be a Subject, or 
penon conscious, and an pbject, or thing of which he is 
conscious. There can be no consciousness without the union 
of these two factors; ami, in that union, each exists only as 
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H isrdated Id tbs other? Tfc* subject is * subject, only la to fcr 
M it it conscious of an object :*the object it to object, only in m 
Ur at it U apprehended by * subject : ud the destruction of either 
it Um destruction of contdouxnett itself. It is thus manifest that 
a consciousness of the Absolute is equall y sel f-contrndktory with 
that of the Infinite. To henc&iwcfotfii^of the Absolute asstich,. 
we must kijow that an object, which is given in relation to our 1 
consciousness, is identical wi£h one which exists in its own nature, 
out of all relation to consciousness. But to know this identitj, • 
we must be able to comf»re the two together; and such a 
comparison is itself a contradiction. We are in fact required to 
compare that of which we are conscious with that of which we are 
not conscious; the comparison itself being an act of consciousness, 
and only possible through the consciousness of both its objects. 

It is thus manifqpt that, even if we could be conscious of the 
absolute, we qouid not possibly know that it is the absolute: and, 
as we can be conscious of an object as such, only by # knowing 
it to be what it is, this is equivalent to an admission that 
we cannot be canscious of the absolute at all. As an object 
of consciousness, every thing is necessarily relative; and what a 
thyig mav be out of consciousness no mode of consciousness can 
tell us. • • • 

“ This contradiction, again, admits of the same explanation as 
the former. • • • Existence , as we conceive it, is but a name For 
the several ways in which objects are presented to our consciousness, 
—a general Urm, embracing a variety of relations. The Absolute , 
on the other hand; is a term expressing no object of thought, but 
only a denial of the relation by which ^bought is constituted." 

H ers let roe p oint out how the same general inference may be 
evolve d front inqO^^nrundaiTierviar cognition to thought, omitted 
by Sir 'W. Hamilton and not supplied by Mr. Mansel;—a condition 
which, under its obveree aspect, we have already contemplated in 
the last section. Every complete act of consciousness^ besides 
djjjjn^ionahd relatioft, also .Implies * likeness. Before it can 
constitute a piece of knowledge, hr even become an idea, a mental 
state must be known not only as septate in kind or quality from 
certain * foregoing states *to which it is known as related by 
succession, but it must further be known as of the same kind or 
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with a belief in the existence' of something unconditioned beyond 
the sphere of all comprehensible reality.” 

Clear and conclusive as this statement of the cpe appears when 
carefully studied, it is expressed in so abstract a manner a»tb be 
not very intelligible to the general reader. A more popular 
presentation of it, with illustrative applications, as given by Mr . 
Manael in his Li mits of Religion * ^Thought. will make it more 
fuBy understood. The following extracts, which I take the liberty 
of from his pages, will suffice. 

“ The very coqtyp^ on of consciousness, in whatever mode *it 
noajJ* manifested, necessarily implxdisiinction between one 
object and another. To be conscious, we must be conscious of 
something; and that something can only be known, as that which 
it is, by being distinguished from that which it is not. But 
distinction is necessarily limitation; for, if one object is to be 
distinguished from another, it must possess spme forjn of existence 
which the oth^r has not, or it must not possess some form which 
the other has. • * * If all thought is limitation;—if whatever 
we conceive is, by the very act of conception, regarded as finite,— 
the infinite, from a human point of view, is merely a name for the 
absence of those conditions under which thought is possible. .To 
speak of a Conception of the Infinite is, therefore, at once to affirm 
those conditions and to deny them. The contradiction, which we 
discover in such a conception, is only that which we Ijave ourselves 
placed there, by tacitly assuming the conceivability of the inconceiv¬ 
able. The condition of consciousness is distinction; ahd condition 
of distinction is limitation. We can have no cotfsciousness bf Being 
in general which is not som^ Being in particular: a thing, in con¬ 
sciousness, is one thing out of many. In assuming the possibility of 
an infinite object of consciousness^ I assume,*therefore, that it is 
at the same time limited and unlimited;—actually something, 
without which it could not be an object of consciousness, and 
actually nothing, without which it could not be infinite. • • • 

M A second characteristic of Qpnscioi^ess is, that it is only 
possible m the fora of a rekti mt There must be a Subject, or 
person conscious, and ah Pbject, or thing of which be is 
conscious. There can be no consciousness without the union 
of these two factor*; and, in that union, each exists only as 
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it h related td the other* The subject is a subject, only In so hr 
as It is conscious of an object: "the object is an object, only in so 
far as it is apprehended by a subject: and the destruction of either 
is the destruction of consciousness itself. It is thus manifest that 
a consc iousness of the Absolute is equally self-contradictory with 
that of the Infinite. To be conscious# of tHe Absolute as stich, 

_ _- -V * 

we must kqow that an object, which is given in relation to our 
consciousness, is identical wi£h one which exists in its own nature, 
out of all relation to consciousness. Bui to know this identity, 
we must be able to comfiare the two together; and such a 
comparison is itself a contradiction. We are in fact required to 
compare that of which we are conscious with that of which we are 
not conscious; the comparison itself being an act of consciousness, 
and only possible through the consciousness of both its objects. 
It is thus manifqpt that, even if we could be conscious of the 
absolute, we qould not possibly know that it is the absolute: and, 
as we can be conscious of an object as such, only by a knowing 
it to be what it is, this is equivalent to an admission thatj 
we cannot be conscious of the absolute at all. As on object! 
of consciousness, every thing is necessarily relative; and what a 
thytg may be out of consciousness no mode of consciousness can 
tell us. * • • 

“ This contradiction, again, admits of the same explanation as 
the former. * * * Existence, as we conceive it, is but a name for 
the several ways in which objects are presented to our consciousness, 
—a general Iterm, embracing a variety of relations. The Absolute , 
on the other hand; is a term expressing no object of thought, but 
only a denial of the relation by which thought is constituted." 

Hers let me p oint out how the same general inference may be 
evolve! from aiiQth^Tundamenial condition to thought, omitted 
Iby Sir W.~ Hamilton and hot supplied by Mr. Mansel;—a condition 
which, under its obverse aspect, we have already contemplated in 
the last section. Every complete act of consciousness, besides 
distin ction ahd relation, also«Implies*likeness. Before it can 
constitute a piece of knowledge, t»r even become an idea, a mental 
state must be known not only as septate in kind or quality from 
certain* foregoing states *to which it is known as related by 
succession, but it must further be known as of the same kind or 
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quality with certain other foregoing^ states. That organisation* of 
changes which constitutes thinking. Involves continuous integration 
as well as continuous differentiation. Were each new affection of 
the mind perceived simply as qn affection in some way contriftted 
with preceding ones—were there but a chain of impressions, 
each of which as it artfee was merely distinguished from its 
predecessors; consciousness would be a chaos. To produce that 
orderly consciousness which we call intelligence, there requires the 
assimilation of each impression to others that occurred earlier in 
the series. Both the successive mental states, and the successive 
relations which they bear to one another, must b$ classified; and 
classification involves not only a parting of the unlike, but also e. bind* 
ing together of the like. In brief, a true cognition is possible only 
through an accompanying recognition. Should it be objected 

that if so there cannot be a first cognition, and hence there can 
be no cognition, the reply is that cognition proper arises gradually 
—that dqring the first stage of incipient intelligence, before the 
feelings produced by intercourse with the outer world have been 
put into order, there are no cognitions ; and that,* as every infant 
shows us, these slowly emerge out of the confusion of unfolding 
consciousness as fast as the experiences are arranged into groups— 
as fast as the most frequently repeated sensations, and their relations 
to one another, become familiar enough to admit of their recog¬ 
nition as such or such, whenever they recur. Should ill be further 
objected that if cognition presupposes recognition, there can be 
no cognition, even by an adult, of an object never \>efore seen; 
there is still the sufficient answer that in so far as if is not 
assimilated to previously-seen objects, it is not known, and that 
it m known only in so far as it is assimilated to them. Qf this 
paradox the interpretation is, thatvm object is classifiable in various 
ways with various degrees of completeness. An animal hitherto 
unknown (mark the word), though not referable to any established 
species or genus, is yet recognized as belonging to one of the 
larger divisions—mammals,* birds, reptiles, or fishes; or should it be 
so anomalous that its alliance with'any of these is not determinable, 
it may yet be classed as vertebrate or invertebrate; 01 * if it^be one 
of those organisms in which it is doubtful whether the animal or 
vegetal traits predominate, it is still known as a living body. 
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EVen should'it be questioned whether it is organic, it remains 
beyond question that it is a material object, and it is cognized by 
being recognized as such. Whence it is clear that a thing is 
perfectly known only when it is in pH respects like certain things 
previously observed; that in proportion to the number of respects 
in which it is unlike them, is the extent 3b which it is unknown; and 
that hence .when it has absolutely no attribute in common with 
anything else, it must be absolutely beyond the bound of knowledge. 

Observe the corollary ifhich here concerns us. A cognition of 
the Real, as distinguished from the Phenomenal, must, if it exists, 
conform to thisjaw of cognition in general. ( The First Cause, the 
Infinite, the Absolute, to be known at all, must Be classed. To be 
positively thought of, it must be thought of as such or such—as of 
this or that kind. Can it be like in kind to anything of which we 
have experience? • Obviously not. Between the creating and the 
created, there must bp a distinction transcending any of the distinc¬ 
tions between different divisions of the createdJ That, which is 
uncaused cannot be assimilated to that which is caused: the two 
Being, in the very naming, antithetically opposed. The Infinite 
cannot be grouped along w'ith something finite; since, in being so 
grouped, it must be regarded as not-infinite. It is impossible to put' 
the Absolute in the same category with anything relative, so long as 
the Absolute is defined as that of which no necessary relation can 
be predicate^. [ Is it then thut the Actual, though unthinkable bv 
classification with the Apparent, is thinkable by classification with 
itself? This supposition is equally absurd with the other. It 
implies*the plurality of the First Cause, the Infinite, the Absolute; 
and this implication is self-contradictory. There cannot be more 
than pne First Cause; seeing that the existence of more than one 
would involve the existence of something necessitating more than 
one, which something would be the true First Cause. How self¬ 
destructive is the assumption of two or more Infinites, is manifest 
on remembering that such Infinites, by limiting each other, 
would become finite. And similarly, an Absolute which existed 
not alone but along with other Absolutes, would no longer be an 
absolute but a relative The Unconditioned therefore, as dassable • 

a ■ 

neither with any form of the conditioned nor with any other 
Unconditioned, cannot be classed at all. And to admit that it > 
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cannot be known as of such or such kind, is to admit that it is 
unknowable 

Thus, from the very nature of thought, the,relativity of our 
knowledge is inferable in thre^ ways. As we find by analysing it, 
and as we see it objectively displayed in every proposition, a 
thought involves rtlaiion, •difl'crmce, likeness. Whatever does not 
present each of these does not aclmit of cognition. And hence we 
may say that the Uncond itioned, as ^presenting none of them, is 
trebly unthinkable. 

§ 25. From yet another point of view we may discern the same 
great truth. If, instead of examining our intellectual powers 
directly as displayed in the act of thought, or indirectly as displayed 
in thought when expressed by words, wejook at the connexion 
between the mind and tjbe world, a like conclusion is forced on us. 
The very definition o f Life, phenomenally cory*idered*when reduced 
to its most abstract shape, discloses this ultimate implication. 

All vital actions, considered not separately \>ut in their ensemble , 
have for their final purpose the balancing of certain outer process^ 
by certain inner processes. There are external forces having a 
tendency to bring the matter of which living bodies consist into 
that stable equilibrium shown by inorganic bodies; there are 
internal forces by which this tendency is constantly antagonized; 
and the unceasing changes which constitute Life, may, be regarded 
as incidental to the maintenance of the antagonism. For instance, 
to preserve the erect posture certain weights have to be neutralized 
by certain strains: each limb dr other organ, gravitating to the 
Earth and pulling down tbejparts to which it is attached, has to 
be preserved in position.by the tension of sundry muscles j^pr,*in 
other words, the forces which would, if allowed, bring the body to 
the ground have to be counterbalanced by other forces. Again, 
to keep up the temperature at a particular point, the external 
process of radiation and absorption of heat by the surrounding 
medium, must be met by a corijpspondfng internal process of 
chemical combination, whereby fhore heat may be evolved; to 
which add that if from atmospheric changes the loss becomes 
greater or less, the production must ‘become greater or less. 
Similarly throughout the organic actions at large. 



THE .RELATIVITY OF ALL KNOWLEDGE 61 

In the lower kinds of life t|ie adjustments thus maintained are 
direct and simple; as in a plant, the vitality of which mainly 
consists in osmotic and chemical actions responding to the co¬ 
existence of light, heat, water, and carbon-dioxide around it. 
But in animals, and especially in the higher orders of them, the 
adjustments become extremely complex.’ Materials for growth and 
repair not 'being, like those which plants require, everywhere 
present, but being widely dispersed and under special forms, have 
to be found, to be secured, and to be reduced to a tit state for 
EJ&imilation. Hence the need for locomotion ; hence the need for 
the senses; heucc the need for preher&ile and destructive appli¬ 
ances; hence the need for an elaborate digestive apparatus. 
Observe, however, that these complications are nothing but aids 
to the maintenance of the organic l)alonce, in opposition to those 
physical, chemical,*and other agencies which tend to overturn it 
And observe# further, that while these complications aid this 
fundamental adaptation of inner to outer actions, they are tjiemselves 
nothing but additional adaptations of inner to outer actions. For 
ighat are those 'movements by which a predatory creature pursues 
its prey, or by which its prey seeks to escape, but certain changes 
in the organism fitted to meet certain changes in its environment ? 
What is that operation which constitutes the perception of a piece 
of food, but a particular correlation of nervous modifications, 
answering tp a particular correlation of physical properties? 
What is that process by which food when swallowed is made fit for 
assimilation, but a set of mechanical and chemical actions respond¬ 
ing to the mechanical and chemical characters of the food ? Hepce, 
while Life in its simplest form is the correspondence of certain 
inrter ,physico-chemical actions with certain outer physico-chemical 
actions, each advance to a higher form* of Life consists in a better 
preservation of this primary correspondence by the establishment 
of other correspondences. 

So that, [Missing over its noumenal nature of which we know 
nothing. Life isjJcfinabfe as th» continifous adjustment of internal 
relations to external inflations. And when we so define it, wie 
discovej- that the physical and the psychical life are equally 
comprehended by the definition. This, which we call Intelligence, 
arises when the external relations to which the internal ones are 
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adjusted become numerous, complex, and Ve mote in time or space. 
Every advance in Intelligence essentially consists in the establish¬ 
ment of more varied, more complete, or more involved adjustments. 
And even the highest generalizations of science consist of mShtal 
relations of co-existence and sequence, so co-ordinated as exactly 
to tally with certain relations of co-existence and sequence that 
occur externally. A caterpillar, finding its way on* to a plant 
having a certain odour, begins to eat«-has inside of it an organic 
relation between a particular impression and a particular set of 
actions, answering to the relation outside of it between scent ahd 
nutriment The sparrow,*guided by the more complex correlation 
of impressions which the colour, form, and movements of the 
caterpillar gave it and guided by other correlations which measure 
the position and distance of the caterpillar, adjusts certain 
correlated muscular movements so as to seise the caterpillar. 
Through a much greater distance is the hgwk, hovering above, 
affected by the relations of shape and motiqn which the sparrow 
presents ; and the much more complicated and prolonged series of 
related nervous and muscular changes, gone through in corre¬ 
spondence with the sparrow's changing relations of position, finally 
succeed when they arc precisely adjusted to these changing 
relations. In the fowler, experience has established a relation 
between the appearance and flight of a hawk and the destruction 
of other birds, including game. There is also in him an established 
relation between those visual impressions answering % to a certain 
distance in space, and the ran geof his gun. And he has learned, 
toOj what relations of position the sights must bear to a point 
somewhat in advance of the flying bird, before he can fire with 
success. Similarly if we go back to the manufacture of tlfe ghn. 
By relations of co-existencer between colour, density, and place in 
the earth, & particular mineral is known as one which yields iron ; 
and the obtainment of iron from it, results when certain correlated 
acts of ours are adjusted to certain correlated affinities displayed 
by ironstone, a coal, and limd, at a High temperature. If we descend 
yet a step further, and ask a chemist to explain the explosion of 
gunpowder, or apply to a mathematician for a theory oY projectiles, 
we still find that special or general relations of co-existence and 
sequence among properties, motions, spaces, fyc., are all they 
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can* teach us. And lastly, let it be noted that what we call t ruth , 
guiding us’to successful action and consequent maintenance of life, 
is simply the accurate correspondence of subjective to objective 
relations; while error, leading to feilure and therefore towards 
death, is the absence of such accurate correspondence. 

If, then. Life, as knowable by us, inclusive of Intelligence in its 
highest forms, consists in the continuous adjustment of internal 
relations to external relations, the relative character of our 
knowledge is necessarily implied. 'The simplest cognition being 
the establishment of some connexion between subjective states, 
answering to spme connexion between objective agencies; and 
each successively more complex cognition being tbe establish¬ 
ment of some more involved connexion of such states, answering 
to some more involved connexion of such agencies; it is clear 
that the process, ns matter how far it be carried, can never bring 
within the reach of intelligence, cither the states themselves or 
the agencies themselyes, ‘ Ascertaining which things ocqur along 
with which, and what things follow what, supposing it to be 
pprsued exhaustively, must still leave us with co-existences and 
sequences only. If every act of knowing is the formation of a 
relation in consciousness answering to a relation in the environ¬ 
ment, then the relativity of knowledge is self-evident—becomes 
indeed a truism. Thinkin g being relationing, no thought„jc*ua. 
e ver ex press more than relations,) 

And here let us note how that to which our intelligence is 
confined is that with which alone our intelligence is concerned. 
The knowledge within our reach is the only knowledge that can 
be of service to us. This maintenance .of a correspondence between 
internal actions arid external actions, merely requires that the 
agencies acting upon us shall be- known in their co-existences and 
sequences, and not that they shall be known in themselves. If, 
x and y sire two uniformly connected properties in some outer object, 
while a and h are the effects they produce in our consciousness, 
then the sole need is that a and b and the relation between them, 
shall always answer to x and y and the relation between them. 
It matters nothing to us if a and b aro like x and y or not. Could 
they be identical with them, we should not be one whit the better 
off; and their total dissimilarity is no disadvantage. 
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(Deep down then in the very nature Df Life, the relativity of 
our knowledge is discernible. The analysis of vital actions in 
general, leads not only to the conclusion that things in themselves 
cannot be known to us, but also to the conclusion that knowledge 
of th em, were it possible, would be useless.} 

r § 26. (There remains the final question— What must we say 

concerning that which transcends knowledge? A re we fa tfft 

wholly in the. .consciousness of .phenomena ? Is the result of 

inquiry to ^ exclude utterly from our minds everything but the 

relative? or must we also believe in something beyond the 

relative? 

\ " 

The answer of pure logic is held to be that by the limits of 
our intelligence we are rigorously confined within the relative, 
and that anything transcending the relative scan Ik* thought of 
only as a pure negation, or as a non-existence, The altsolute 
is conceived merely by a negation of concyivability," writes Sjn. 
William H amilton. “The Absolute and the Infinite," says Mr. 
Af ansei, “ are thus, like the Inconceivable and the Irnperceptif4e , 
names indicating, not an object of thought or of consciousness at 
all, but the mere absence of the conditions under which conscious¬ 
ness is possible." So that since reason cannot warrant us in 
affirming the positive existence of that which is cognizable only 
as a negation, we cannot rationally affirm the positive existence 
of any tiling beyond phenomena. 

Unavoidable as this conclusion seems, it involves, I think, a 
grqve error. If the premiss be granted the inference must be 
admitted ; but the premiss* in the form presented by Sir William 
Hamilton and Mr. Manscl, is not strictly true. Though*,, in ’the 
foregoing pages, the arguments *used by these writers to show 
that the Absolute is unknowable, have been approvingly quoted; 
and though these arguments have been enforced by others equally 
thoroughgoing; yet there remains tp be stated a qualification 
which saves us from the scepticism otherwise necessitated. It 
is not to be denied that so long as we confine ourselves to the 
purely logical aspect of the question, the propositions quoted 
above must be accepted in their entirety; but when we contem¬ 
plate its more general, or psychologic al, aspect, we find that these 
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proposition)! are imperfect statements of the truth: omitting, or 
rather excluding, as they do, an all-important fact. To speak 
specifically:—Bpades t hat de finite consciousness of which Logic 
fgnoSlates the.. laws, there isalso an indefinite consciousness which 
cannot be formulated. Besides complete thoughts, and besides 
the thoughts which though incomplete aSmit of completion, there 
are thoughts which it is impossible to complete, and yet which 
are still real, in the sense that they are normal affections of thei 
intellect. 

Obtfcrve, in the first place, that every one of the arguments by 
which the relativity of our knowledge if demonstrated, distinctly 
postulates the positive existence of something beyond the relative. 
To say that we cannot know the Absolute, is, by implication, to 
affirm that there is an Absolute. In the very denial of our power I 
to learn what the Absolute is, there lies hidden the assumption 
that it is; and the making of this assumption proves that the 
Absolute has been present to the mind, not as a nothing hut as a 
something. Similarly with every step in the reasoning by which 
this doctrine is upheld. The Noumenon, everywhere named as 
the antithesis to the Phenomenon, is necessarily thought of as an 
actuality. It is impossible to conceive that our knowledge is a 
knowledge of Appearances only, without at the same time assum¬ 
ing a Reality of which they are appearances; for appearance with¬ 
out reality is unthinkable. Strike out from the argument ,the 
terms Unconditioned, Infinite, Absolute, and in place* of them 
write, “ negation of conceivabilitv^or “ absence of the conditions 
under wKich consciousness is possible,* anti the argument becomes 
nonsense. To realize in thought any *one of the propositions of 
which *he argument consists, the Unconditioned must be repre¬ 
sented as positive and not negative. • How then can it be a 
legitimate conclusion horn the argument, that our consciousness 
of it is negative ? An argument the very' construction of which 
assigns to a certain term a certain meaning, but which ends in 
showing that t^iis term has no such meaning, is simply an elaborate 
suicide. Clearly, then, the very demonstration that a definite con¬ 
sciousness of "the Absolute is impossible to us, unavoidably pre¬ 
supposes an indefinite consciousness of it. . 

Perhaps the best way of showing that(we are obliged to form 

5 
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* positive though vague consdousnoss^of thia winch transcend* 
ifhrtjnrt «^ntrimnnM«j j« to a naly ze our conception of tiic antithesis 
^NitessL Relative imd AlSte. It is a a^Sfne cnll«rifc 
question by none, that such antinomies of thought as Whole 
and Part, Equal and Unequal, Singular and Plural, are necessarily 
conceived as correlatives* the conception of a part is impos si ble 
without the conception of a whole; there can be no idea of 
equality without one of inequality. And it is undeniable that 
in the same manner, the Relative itself conceivable as such* 
only by opp osition to the Irrelative or Absolute. • *8ir 
Wmlam Hamilto n, howef er, in hw trenchant (aqd in most parts 
unanswerable) criticism on Cousin, contends in conformity with 
his position above stated, that one of these correlatives is nothing 
more than the negation of the other. “ Correlatives" he says, 
“ certainly suggest each other, but correlatives may, or may 
not, be equally real and positive. In thought ■contradictories 
necessarily imply each other, for the knowledge of contradictories 
is one. But the reality of one contradictory, so far from 
guaranteeing the reality of the other, is nothihg else than its 
negation. Thus every positive notion (the concept of a thing 
by what it is) suggests a negative notion (the concept of a thing 
by what it is not); and the highest positive notion, the notion 
of the conceivable, is not without its oorresjionding negative in 
the # notion of the inconceivable. But though these mutually 
suggest each other, the positive alone is real; the negative is 
only an abstraction of the other, and in tin* highest generality, 
evgn an abstraction of thought itself." Now the assertion 

that of such contradictories “the negative is only an abstraction 
of the other"— w is nefihing rise than its negation,"—is net true. 
In such correlatives as Equal and Unequal, it is obvious enough 
that the negative concept contains something besides the negation 
of the positive one: for the .things of which equality is denied 
are not abolished from consciousness by the denial. And the fact 
overlooked by Sir William Hamilton is, that the like holds even 
with those correlatives of which the negative is inconceivable, in 
. the strict sense of the word.! Take for example the* Limited and 
k the Unlimited. Our notion of the Limited is composed, firstly 
of a consciousness of some kind of being, and secondly of a 
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comciouim si of the limits ufcder which it is known. In the 
antithetical notion of the Unlimited, the consciousness of limits 
is polished, but not the consciousness of some kind of being. 
It is quite true that in the absence of conceived limits, this 
consciousness ceases to be a concept properly so called; but it is 
none the less true that it remains as a mode of consciousness. Us 
in such cases, the negative contradictory were, as alleged, ** nothing 
else " than the negation of flic other, ancb therefore ajDaeCBUDOBa 
en£it£, then it would foficftv that negative contradictories could 
be used interchangeably: the Unlimited might be thought of as 
antithetical to fbe Divisible; and the Indivisible as antithetical 
to the Limited. While the fact that thev cannot tie so used, 
proves that in consciousness the Unlimited and the Indivisible: 
are qualitatively distinct, and therefore positive or real; since* 
distinction cannot exist lietween nothings. The error, (naturally 
fallen into by philosophers intent on demonstrating the limits 
and conditions of eolixioiwiess.) consists in assuming that con¬ 
sciousness contains nothing but limits and conditions ; to the 
eiftirc neglect of that which i- limited and conditioned. It is 
forgotten that there is something which alike forms the raw 
material of definite thought and remains after the definiteness 
which thinking gave it has been destroyed. Now ail this 

applies by change of terms to the last anti highest of these 
antinomies—flhat lietweon the Relative and the Non-relative. 
We art? conxlotis of the Relative as existence under condition* j 
ami limits. It is irajmssible tliat thege conditions and limits can. 
lx; thought of a|Mirt from something to which they give fhe 
Corn#. yhe abstraction of these condition* and limits is, bv the 
hypothesis, the attraction of them ojt/t/. Consequently there, 
must l»e a residuary consciousness of something which fillet! up ; 
their outlines And this indefinite something constitutes our 
consciousness of the Non-relative or Absolute. Impossible though/ 
it jg to give t# this cansviofisnesiwj^v qualitative or quantitative 
expVs.siun whatever, trtS frcrjflin that it remains with 

us aaqfc positive and indestructible elenmnt of thought. 

Monrfhanifest still will this truth become when it is observed 
that our c onception of the Relative itself disappears, if our 1 
consciousness of tht Absolute is a pure negation. It is admitted.• 
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or rather it it contended, by the'writer* I have quoted above* 
that contradictories can be known only in relatioq to each other— 
that Equality, for instance, is unthinkable apart from Inequality; 
and that thus the Relative can itself be conceived only by opposi¬ 
tion to the Non-relative, c It is also admitted, or rather contended, 
that the consciousness of a relation implies a CPOSQPVW^ pfboth 
the reUtedTtenus. If we are required to conceivetbe relation between 
theKeUtive and Nan-rotative without being conscio u s or both, w we 
are in fhct” (to quote the words of Ml. Mansd differently applied) 
& ' s«quired to compare thq| of which we are conscious witbthat jQf 
whichwe arenot conscious ; the comparison itself being an act of con¬ 
sciousness, and only possible through the consciousness of both jits 
objects.* 1 What then becomes of the assertion that “ the Absolute is’’ 
conceived merely by a negation of conceivabili|y,'* or as M the mere 
absence of the conditions under which consciousness is possible ? ** wt, 
the Non-relative or Absolute is present in thought only as a mem 
.negation, then the relation between it and th£ Relative becomes 
thinkable, because one of the terms of the relation is absent from 
consciousness. And if this relation is unthinkable, then is the 
Relative itself unthinkable, for want of its antithesis: whence 
results the disappearance of all thought whatever. 

Both Sir William Hamilton andLMr. Hamel do, in other ph^ea, 
distinctly imply that our consci o usn es s of the Absolute, 
t hough it is, is positive. The very passage in which’ Sir William 
Hamilton asserts that “ the absolute is conceived * merely fay a 
negation of conceivability,** \fsfelf ends with the remark that, u by 
a Wonderful revelation we are thus, in the very consciousness of 
our inability to conceive aught above the relative and finite, 

’ inspired with a belief in the existence of something unconditioned 
beyond the sphere of alf comprehensible reality.** The last of 
these assertions practically admits that which the first denies. 
By, the laws of thought as Sir William Hamilton interprets them, 
he finds himself forced tp conclusion that ous consciousness 
Of the Absolute is a puje grrjsfiov, „ nevertheless finds . Hat 
there does exist in consciousness an irresistible conviction the 
real ** existence of something unconditioned.** And he gets over 
the inconsistency by speaking of this conviction as M a wonderful 
revelation,**— “ a belief** with which we are ** inspired ”: thus 
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apparently hinting that? it is supematurally at variance with the 
laws of thought Mr. Mansel u b etyay ed into a like inconsistency. 
When he says that M we are compelled, by the constitution of our 
miridx, to believe in the existence of %n Absolute and Infinite Being, 
—a belief which appears forced upon us, as the complement of our 
consciousness of the relative and the finitehe clearly says by 
implication that this consciousness is positive, and not negative. 
He tacitly admits that we pre obliged to regard the Absolute as 
something more than a elation—that dhr consciousness of it is 
ndt ‘•the mere absence of the conditions under which consciousness 
is possible” 

The supreme importance of this question must be my apology 
for taxing the reader's attention a little further, in the hope of 
wearing up the remaining difficulties. The necessarily positive 
character of our consciousness of the Unconditioned, which, as we 
have seen, follows frqpi an ultimate law of thought, will be better 
understood on contemplating the process of thought. 

One of the arguments used to prove the relativity of our know¬ 
ledge, is, that wfc cannot conceive Space or Time as either limited 
or unlimited. It is pointed out tKafTwfien v 'we imagine a limit, 
there simultaneously arises the consciousness of a space or time 
beyond the limit This remoter space or time, though not con¬ 
templated as definite, is yet contemplated as real. Though we do 
not form of jt a conception proper, since we do not bring it within 
bounds, there is yet in our minds the unshaped material of a con¬ 
ception. Similarly with our consciousness of Cause . We are no 
more able to lorn; a circumscribed "idea of Cause, tKks of Space or 
Time; and we are consequently obliged to think of the dulse 
wlliclk* transcends the limits of our thosight as positive though 
indefinite. As on conceiving any bounded space, there arises a 
nascent consciousness of space outside the bounds; so, when we 
k of any definite cause, there arises a nascent consciousness of 
ajtuxe behind it; and in ^ie one case as in the other, this nascent 
sciousness" is in alfbstance. lib?-fthat* which suggests it, though 
out form. - Thtulitiwn. inTtni^H^hought carries us beyond. 
con^iypnedVxistence to unconditioned existence; and this ever per¬ 
sists in us as the body of a thought to which we can give no shape. 

Hence ou r firm belief in objective reality. When we are taught 
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that» pieee of matter, regaled by us as eti sting externally, cannot 
be really known, but that we can \now only certain impressions 
produced on us, we are yet, by the relativity of thought, compelled 
to think of these in relation ,to a cause—the notion of a *eal 
existence which generated these impressions becomes nascent. If 
it be proved that every nfotion of a real existence which we can 
frame, is inconsistent with itself—that matter, however conceived 
by us, cannot be matter as it actually is, our concepti on, though 
tr ansfigured, is not ^ijfoyi^ : theff jceujama the sense, of realty, 
disSSSSaiM as far as possible from those special forms under which 
it was belpr &jpaM^^ Though philosophy con¬ 

demns successively each attempted conception of the Absolute— 
though in obedience to it we negative, one after another, each idea 
as it arises; yet, as we cannot expel the entire contents of con¬ 
sciousness, there ever remains behind an element,which panes into 
new shapes. The continual negation of each, particular form and 
limit, simply results in the more or less complete abstraction of all 
forms ana limits; and so ends in an indefinite consciousness of the 
unformed and unlimited. 

And here we come face to face with the ultimate difficulty—How 
ca n there l>e constituted a consciousness of the unformed and un¬ 
limited, when, by its very nature, consciousness impossible only 
under forms and limits? Though not directly withdrawn by the 
withdrawal of its conditions, must not the raw material of con¬ 
sciousness be withdrawn by implication ? Must it not ( vanish when 
the conditions of its existence vanish ? That there must be 

a solution of this difficulty is manifest; since even those whd would 
put *it do, as already shown,.admit that we have some such con¬ 
sciousness ; and the solution appears to be that above shwdowbd 
forth. Such consciousness ip not, -and cannot be, constituted by 
any single mental act, but is the product of many mental acts. In 
each concept there is an element which persists. It is itnposs&le 
for this element to be absent from copiousness, or for it tovbe 
present in consciousness alotte. ( fitter dteft^tfrw involves uncoy* 
sciousness—the one from rwnfr'ST tfco whk, ®cc,: the other fotm 
want of the form. But the, persistence of this element udder 
successive conditions, necessitates a sense of it as distinguished from 
the conditions, and ( indefiendcnt of them. The sense of a some* 
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thing that is conditioned in every thought cannot he got rid at, 
b eca u s e the something cannot & got rid of. How then must the 
sense of this something be constituted ? Evidently hy cnmhtning 
•uc^siye roncepts. deprived jgObefc „ and, cpp4&<h»- We, 

form this indefinite thought, as we form many of oar definite 
thoughts, by the coalescence of a series of thoughts. Lei me 
illustrate this. A large complex object, having attributes 

too numerous to be reprinted at once, is yet tolerably well 
conceived by the union qf several representations, each standing 
for part of its attributes. On thinking of a piano, there first 
rises in imagination its outer appearance, to whicTi are instantly 
added (though by separate mental acts) the ideas of its remote 
side and of its solid substance. A complete conception, however, 
involves the strings, the hammers, the dampers, the pedals; and 
while successively aulding these, the attributes first thought of 
lapse partially or w^plly out of consciousness. Nevertheless, the 
whole group constitutes a representation of the piano. s Now as 
in this case we form a definite concept of a special existence, by 
imposing limits *and conditions in successive acts; so, in the con¬ 
verse case, by taking away limits and conditions in successive acts, 
we .form an indefinite notion of general existence. By furing a 
series of states of consciousness, from each of which, as it arises, 
the limitations and conditions are abolished, there is produced a 
consciousness of something unconditioned. To speak more 1 

rigorouslythis consciousness is not the abstract of any one 
group of thoughts ideas, or conceptions; but it is the abstr act 
of all thoughts, ideas, or conceptions. That which is common to 
tbexou alL we predicate by the word existence. Dissociated as this 
brionA from each of its modes by the pespetual change of those 
modes, it remains as an indefinite consciousness of something con¬ 
stant under all modes—of being apart from its appearances. 
Th^ distinction we feel between specialized existences and general 
eyftenoe, is the distinction between that which is changeable in 
u^and that *which is unchanged.&*he contrast between the 
ARtolute and the Relative in ort^oyaids, is really the contrast 
betv'»:*qj. thtft mental element wtficW exists absolutely, and those, 
which exist relatively. 

So that this ultimate mental element is at once necessarily 
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indefinite and necessarily indestructible. ®Our eoasSousneas of the 
unconditioned being literally the unconditioned consciousness, or 
taw material of thought to which in thinking* we give definite 
forms, it follows that an ever-present sense of real existence it t% 
baas of our intelligence. As we can in successive mental acts get 
rid of all particular conditions and replace them by others, but 
cannot get rid of that undifferentiated substance of consciousness 
which is conditioned anew in every .thought, there ever remains 
with us a sense of that tfhich exists persistently and independently 
of conditions. While by the laws of thought we are prevented 
from forming a conception of absolute existence,; we are by the 
laws of thought prevented from excluding the consciousness of 
absolute existence: this consciousness being, as we here see, the 
obverse of self-consciousness. And since the measure of relative 
validity among our beliefs, is the degree of their persistence in 
opposition to the efforts made to change them, it follows that this 
which persists at all times, under all circumstances, has the highest 
validity of any. 

(The points in thi s somewhat too elaborate argum ent are these 
I n th e very assertion that all knowledge, properly so called, is 
Relative, there is involved the assertion tfegt therf exists a Non- 
relative. In each step of the argument by which this doctrine is 
established, the same assumption is made. From the necessity of 
thinking in relations, it follows that the Relative is. itself incon¬ 
ceivable, except as related to a real Non-relative. ^JnlfBLa teal 
j Non-relative or Absolute be postulated, the Relative itself becomes 
I absolute, and so brings the argument to a contradiction. And on 
waSching our thoughts we have seen how imgt .iible it is to get rid 
of the consciousness ofran A ctual ity lyingl^Kind Appeafrmdes; 

: and how, from t his impossibility, results our indestructible belief 
in that Actuality., 
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THE RECONCILIATION 

§ 87. Thus do all lines of argument converge to the same con¬ 
clusion. Those imbecilities of the understanding which disclose| 
themselves when we try to answer the highest questions of objective] 
science, subjective Science proves to be necessitated by the laws ofj 
that understanding. • Finally, we discover that this conclusion 
which, in its unqualified form, seems opposed to the instinctive 
convictions of mankind, falls into harmony with them when the 
aliasing qualification is supplied. 

Here, then, is that basis of agreement we set out to seek. This; 
conclusion which objective science illustrates and subjective science 1 
shows to be unavoidable,—this conclusion which brings the results 
of speculation into harmony with those of common sense; is also 
the conclusion which reconciles Religion with Science. Common 
Sense ass ertsfthe existence of a reality; Objective Science proves 
that this reality cannot be what jre think it ^ Subjective Science 
shows why we cannot think of it as if is, and yet are compelled to 
t hink of it as existing ; and in this assertion of a Reality , utterly 
iftfhrutkble in nature^ Religion fipds dh assertion ess ent ially 
coinciding with her own. (We are* obliged^to regard every 
phenomenon as a manifestation of some Tower By which we are 
agtod upon; though Omnipresence is unthinkable, yet, as 
experience discloses no bounds to*the diffusion of phenomena, we 
a^unable to*think of limits to-ff^^prdaence of this Power; while 
th^ criticisms of Science teach this Power is Incom- 

pre&ciliMe. * And this consciousness of an Incomprehensible 
Power, called Omnipresent from inability to assign its limits, is 
just that consciousness on which Religion dwells.) 
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To understand fully how real is the reconciliation thus r e ached, 
it will be needful to look at the respective attitudes that Religion 
and Science have all along maintained towards this conclusion. 

128. In its earliest and crudest forms Religion manifested, 
however vaguely and inconsistently, an intuition forming the germ 
of this highest belief in which philosophies finally unite. The 
consciousness of a mystery is traceable in the rudest ghost theory. 
Each higher creed, rejd ting those defipite and simple interpreta¬ 
tions of Nature previously given, has become more religions Hay 
doing this. As the concrete and conceivable agepcies assigned as 
the causes of things, have been replaced by agencies less concrete 
and conceivable, the clement of mystery has necessarily become 
more predominant. Through all its phases the disappearance of 
those dogmas by which the mystery was mads unmysterious, has 
formed the essential change delineated in religious history. And 
so Religjon has been approaching towards,that complete recog¬ 
nition of this mystery which is its goal. 

For'its essentially valid belief Religion has* constantly dope 
battle. Gross as were the disguises under which it first espoused 
this belief, and cherishing this belief, even still, uttder disfiguring 
vestments, it has never ceased to maintain and defend it. Though 
from age to age Science has continually defeated it wherever they 
have come in collision, and has obliged it to relinquish one or more 
of its positions, it has held the remaining ones with jundiminished 
tenacity. After criticism has abolished its arguments, there has 
still remained with it the indestructible consciousness of a truth 
which, however faulty the mode in which it had been expressed, is 
yet a truth beyond caviL 

But while from*the beginning. Religion has had the all-essential 
office of preventing men from being wholly absorbed in the relative 
or immediate, and of awakening them to a consciousness of some¬ 
thing beyond it, this office has bben but^very imperfectly discharged. 
In its early stages the consciofcSfiess of supernature'being simmy 
the consciousness of numesaiisr^pernatural persons essentially mn- 
like, was not for removed from the ordinary conscibusn^f As 
thus constituted. R eligion w as and has ever been more or less 
irrelig i and indeed continues!*) ^' X^g^'liT^gfous even 
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now'. In the fijkt place (restricting o ur s elv e s t o Religio n 

in it* mine developed form), it &ui all along professed to no-** 

knowledge aftha i which transcends kao» M|p*, *od fw iff flrotr- 
3k twl its o wn teaching *. While wjth one heath it luw asserted 
tEot the Cause of all things passes understanding, it has, with the 
next breath, asserted that the Cause of aB things possesses such or 
such attributes—can be in so far understood. In the 

s econ d place, while in great <part sincere in its fealty to the great 
truth it has hod to uphold, it has often Wen insincere, and conse¬ 
quently irreligious, in maintaining the untenable doctrines by 
which it has obscured this great'truth. •.Each assertion respecting 
t he nature, acts, o r motive s of that Power which the Univers e 
manifests to us, has been repeatedly called in question, and proved 
TcTjbe inconsistent with itself, or with accompanying assertions. 
Yet e ach of them# has been age after age insisted on. Just as 
though unaware that ifcs central position was impregnable. Religion 
has obstinately held ^very outpost long after it was obviqpsly in¬ 
defensible. And this introduces us to the third and moat 

aqjnous form of itreligion which Religion has displayed; namely, 
on imperfect belief in that which it especially professes to believe. 
Host truly its central position if impregnable. Religion has never 
adequately realised. In the devoutest faith a s we commonly see it, 
there li es hid den a c ore o f s ce p tic i sm; and it is this scepticism 
which causes that dread of inquiry shown by Religion when face to 
face with Sci^ice. Obliged to abandon one by one Jfchs supersti¬ 
tions it once tenaciously hel d, and ^ daily finding other cherished 
beliefs more and more shakeq . Religion secretl y fears that^all 
things may some day be explained ;» and thus itaelfbelravs a 
lurlcing^sdoubt whether that Incomprehensible Cause of which it is 
conscious, is really incomprehensible. 

(Of Religion then, we must always remember, that amid its 
many errors and corruptions it has asserted and diffused a supreme 
verity.^ ""From the first, the ^recognition of this supreme verity, in 
however impeffect a manner, bos been its vital element; and 
its chief defects, once extreme but Gradually diminishing, have 
been it fr f ailures to recognize in f&ll that which it recognized in 
part. 'The truly religious element of Religion has always been 
good; that which has proved untenable in doctrine and vicious in 
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pnetin, hu been its irreligious dbaeni; end Mm this it*has 
been undergoing purification*} 

$ S9. And now observe Uytf t he agen t which has effected the 
p u rifi c ation, has been Science.} On both sides this fact is overlooked. 
Religion ignores its im&ense debt to Science; and Science is 
scarcely at all conscious how much Religion owes it Yet it is 
demonstrable that every step by wlp'ch Religion has progressed 
from its first low conception to the comparatively high one now 
reached. Science has helped it or ra\hcr forced it to taka: «nd 
that even now. Science «is urgfng further step in the same 
direction. 

When we include under the name Science all definite knowledge 
of the order existing among phenomena, it becomes manifest that 
from the outset the discovery of an established order has modified 
that conception of disorder, or undetermined order, yrhich underlies 
every superstition. As fast as experience proves that certain 
familiar changes always present the same sequences, there begins 
to fade from the mind the conception of special personalities to 
whose variable wills they were before ascribed. And when, step 
by step, accumulating observations do the like with the . less 
familiar changes, & similar modification of belief takes place 
respecting them. 

While this process seems to those who effect it, mid those who 
undergo it, an anti-religious one, it is really the re^rse. Instead 
of the specific comprehensible agency before assigned, there is 
substituted a less specific and less comprehensible agency ; and 
though this, standing in opposition to the previous one, cannot 
at first call forth the same feeling, yet, as being less comprehensible, 
it must eventually call forth this feeling moVe fully. Take 

an instance. Of old the Sun was regarded as the chariot of a god, 
drawn by horses. How far the idea thus grossly expressed was 
idealized, we need not inquirt. It suffices to remark that this 
accounting for the apparent ihsivm of the Sun by'an agency like 
certain visible terrestriaLggencies, reduced a daily wonder to the 
level of the commonest intellect. When, many centuries, after, 
Copernicus having enunciated the heliocentric theory oftEe solar 
system, Kepler discovered that the orbits of the planets are ellipses. 
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and that tbe pUoetji dfctcrux equiU anu in eqml thncm, be concluded 
that in «d» of them there must exist a spirit to guide its more* 
men^. Here ere see that with the p r og r e s s of Science, there hml 
disappeared the idea of a gross meduusical traction, such as was 
first assigned in the case of the Sun; but^hat while for the celestial 
motions there was substituted a less-easily conceivable force, it 
was still thought needful to assume personal agents as causes of 
the regular irregularity of the motions. t When, finally, it was 
proved that these planetary* revolutions with all their variations 
and disturbances, conform to one universal law—when the presid¬ 
ing spirits which* Kepler conceived were # aet aside, and the force of 
gravitation put in their places ; the change was really the abolition 
of an imaginable agency, and the substitution of an unimaginable 
one. For though the law of gravitation is within our mental 
grasp, it is impossible to realize in thought the forte of gravitation. 
Newton himself confessed the force of gravitation to be incompre¬ 
hensible without the •intermediation of an ether; and, as»we have 
already seen, (§.18,) the assumption of an ether does not help 
ilk Thus it is with Science in general. (Its progress in 

grouping particular relations of phenomena under laws, and these 
special laws undei laws more and more general, is of necessity a 
progress to causes more and more abstract. And causes more and 
more abstract, are of necessity causes less and less conceivable; 
since the foliation of an abstract conception involves the drop¬ 
ping of certain concrete elements of thought. Hence the most 
abstract concepticw* to which Science is slowly approaching, is 
one that merges into the inconceivable or unthinkable, by Jthe 
drop pi jv. of all concrete elements of (bought. And so is justified 
the assertion that the beliefs which Science has forced upon 
Religion, have been intrinsically more "religious than those which 
they supplanted) 

S cience , however, like Religion, has hut very incompletely 
fulfilled jts office. As Religion has fallen short of its function In 
so far as it has been irreligious f so Has Science fallen short of its 
function in so far as it has been, unscientific. Let us note the 

e w .- , . 

severahpSrallelisms. In its earlier stages Science, while it 

began to teach the constant relations of phenomena, and thus 
discredited the belief in separate personalities as the causes of 
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tbetx,Haelf substituted the belief in caufid eg wide* which, if net 
petwooal, were yet concrete. When certain fort* were Mid to show 
“Nature's abhorrence of a vacuum,'* when the properties ofjgoM 
awe explained as due to sotoe entity called M aureity," and whfll 
the phenomena of life were attributed to “a vital principle"; 
there was set up a mode of interpreting the facts which, while 
antagonistic to the religious mode, because assigning other agcndea, 
was also unscientific, jiecause it assumed a knowledge of that 
about which nothing was known. Having abandoned these njgta- 
physical agencies—having that they are not independent 

existences, but merely sjSrcial combinations of* general causes. 
Science has more recently ascribed extensive groups of phenomena 
to electricity, chemical affinity, and other like general powers. 
But in speaking of these as ultimate and indcjieiirlcnt entities. 
Science has preserved substantially the same*Attitude as before. 
Accounting thus for all phenomena, it harf not only maintained 
its seeming antagonism to Religion, by alleging agencies of a 
radically unlike kind; but. in so far as it has tacitly implied its 
comprehension of these agencies, it has continued unscientific. At 
the present time, however, the most advanced men of science are 
abandoning these later conceptions, as their pndecesffors aiian- 
doned the earlier ones. Magnetism, heat, light, Ac., which were 
early in the century spoken of as so many distinct imponderable*, 
physicists now regard a* different modes of manifestation of some 
one universal force; and in so regarding them ait ceasing to 
think of this force as comprehensible. { In each phase of 

its .progress. Science has thus stopped short with superficial solu¬ 
tions—has unscientifically neglected to ask what were the patyrrct 
of the agents it familiarly invoked.) Though in each succeeding 
phase it has gone a little d&per, and merged its supposed agents 
in mote general and abstract ones, it has still, as before, rested 
content with these as if thev were ascertained realities. { And 
this, which has all along been an unscientific characteristic of 
Science, has all along been «a p4rt-cause of its conflict with 
Religion.} 

| SO. (Thus from the outset the faults of both Religion and 
Science have been the faults of imperfect development Originally 
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a men rafifcttalt lit be«| growing non complete; the vice 
ofeachhaataaH times bam He incompleteness; the disagreements 
between them h*« been c on s eq uence* of their incomptetenere; and 
M they reach their final forma they «mt into harmony.) 

'Itegaggm flfbanaoLdamL Though 
it hat not ammtl to to those who mothrit, every *tep in advance 
haa been a step towards both t he natural and t he oupemai urat 
The better interpretation of each phenomenon has been, on Um 
one hand, the rejection of .a^ cause that was relatively conceivabh 
inHa nature but unknown in the order of it* actions and, on the 
other hand, th* adoption of a ‘cause that was known in the order 
of its addon* but relatively inmnoeivable in its nature. The first ^ 
advance involved the conception of agencies less assimilable to the 
familiar agencies of men and animals, and therefore less understood ; 
white, at the same time, such newly -conceived agencies, in so far as 
they were distinguished by their uniform effects, were better under¬ 
stood than those thoy.replaced. Ail subsequent advance* display 
the same double result; and thus the progress lias been as much 
tyyards the establishment of a positively unknown as towards the 
establishment of a jxwitively known. Though as knowledge ad¬ 
vances, unaccountable and seemingly supernatural facts are brought 
into the category of facts that are accountable or natural; yet, at 
the same time, all accountable or natural facts are proved to be in 
their ulthqptegenesis unaccountable and supernatural. And so there 
arise two anti'fhetical states of mind, answering to the opposite sides 
of that existence about which we thyik. While our consciousness of 
Nature under the one aspect constitutes Science, our consciousness 
of it under the other aspect constitutesrReligion. 

lh other words. Religion and Science habeen undergoing a slow 
differentiation, and their conflicts have <been due to the imperfect, 
separation of their spheres and functions. Religion has, from the 
first, struggled to unite more or less science with its nescience 4 
Science has, from the first, kept hoAJ of more or less nescience a*j 
though ityvere a part of science.'* So,long as the process of differ-! 
entiation is incomplete, more or less of antagonism must continue. 
Gradualisms’ the limits of possible cognition are established, the 
causes of conflict will diminish. And a permanent peace will be 
reached when Science becomes fully convinced that its explanations 
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mmpmfomk* and (dative, while BfligiorPliooiMt IfaBy coadneii 
Hal Ha mystery ft contemplates is ultimate and absolute. 

Hsfigtan and Science are therefore necessary barrelatives, To 
cany farther a metaphor before used,—they are the positive Vid 
negative pedes of thought | of which neither can gain in intensity 
without increasing the intensity of the other. 

§ SI.(Some do indeejl allege that*though the Ultimate Cause 
of things cannot really be conceived „hy us as having specified 
attributes, it is yet incumbent upon us to assert those attributes^ 
Though the forms of our consciousness are such that the Absolute 
cannot in any manner or degree be brought within them, we are 
nevertheless told that we must represent the Absolute to ourselves 
as having certain characters. As writes Mr. Mansd, in the work 
from which I have already quoted largely—“ ft is our duty, then, 
to think of God as personal; and it is our duty to believe that He 
b infinite." 

Now if there be any meaning in the foregoing argument*,(duty 
requires us neither to affirm nor deny personality. Our duty b ia 
submit ourselves to the established limits of our intelligence, and 
not perversely to rebel against them. Let those who can, believe 
that there b eternal war set between our intellectual faculties and 
our moral obligations. I, for one, admit no such radical vice 
in the constitution of things. 

This which to most will seem an essentially irreligious position, 
is an essentially religious one—pay is the religious one, to which, 
as .already shown, all others are but approx i mat ions. In the 
estimate it implies of the Ultimate Cause, it does not fall short of 
the alternative position, but exceeds it Those who espouse this 
alternative position, assume that the choice is between personality 
and something lower than personality ; whereas the choice is rather 
between personality and something that may be higher. Is it not 
possible that there is a mode of being as much' transcending 
Intelligence and Will, as these transcend mechanical motion ? 
Doubtless we are totally unable to imagine any such higher mode 
of being. But this is not a reason for questioning its existence; 
it is rather the reverse. Have we not seen how utterly unable our 
minds axe to form even an approach to a conception of that which 
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WwAwM— *11 |A in i w MW 4 i II pot pfowd lint WW foil btCMOM flf 
the incompatency of the Conditioned to grasp the Unceodltiooedy 
Does it not folio* that the Ultiinate Cease* cannot in anj impact 
be Conceived because It is in every* respect greater than can be 
conceived ? And may we not therefore rightly refrain from assign¬ 
ing to it any attributes whatever, on the ground that such 
attributes, derived as they must be from our own natures, are not 
elevations but degradations ? Indeed it jeans strange that men 
should suppose the highest worship to lie in assimilating the object 
of*tbeir worship to themselves. Not in asserting a transcendent 
difference, but in asserting a certain likeness, consists the element 
of their cr e e d which they think essential. It is true that from the 
time when the rudest savages imagined the causes of things to be 
persons like themselves but invisible, down to our own time, the 
degree of assumed likeness has been diminishing. But though a 
bodily form and substance similar to that of man, has long since 
ceased, among cultivated races, to be a literally-conceived attribute 
of the Ultimate Cause—though the grosser human desires have 
been also rejected as unfit elements of the conception—though 
there is some hesitation in ascribing even the higher human feelings, 
aavarin idealized shapes; yet it is still thought not only proper, 
but imperative, to ascribe the most abstract qualities of our nature. 
To think of the Creative Power as in all respects anthropomorphous,; 
is now <£> rendered impious by men who yet hold themselves bound ! 
to think oft) the Creative Power as in some respects anthropo-j 
morphous; and who do not see thaj the one proceeding is hut an] 
evanescent form of'the other. And then, most marvellous of jdl,' 
this course is persisted in even by those who contend that we are 
wh&lly\mable to frame any concep^on whatever of the Creative 
Power. After it has been shown that every supposition respecting 
the genesis of the Universe commits us to alternative impossibilities 
of thought—after it has been shown why, by the very constitution 
of our minds, # we are debarred frorfi thinking of the Absolute; it 
is still asserted that we ought to* think of the Absolute thus and 
thus. In all ways we find thrust on us the truth, that we are not 
perm ittesHto* k now—nay are not even •permitted to conceive—that 
Reality which is behind the veil of Appearance; and yet it is said 
to be our duty to believe (and in so for to conceive) that this 
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Reality exists in a certain define^ manner. Shall we call this 
r efere n ce ? or shall we call It the reverse? 

Volumes might he written upon the impiety of the pious. 
Through the printed and speken thoughts of religious teachers, 
may everywhere be traced a professed familiarity with the ultimate 
mystery of things, which, to say the least of it, is anything .but 
congruous with the accompanying expressions of humility. The 
attitude thus assumed pan be fitly represented only by further 
developing a simile long current in theological controversies—the 
simile of the watch. If for a moment we made the grotesque 
supposition that the tickings and other movements of a watch 
constituted a kind of consciousness ; and that a watch possessed of 
such a consciousness, insisted on regarding the watchmaker's actions 
as determined like its own by springs and escapements; we should 
amply complete a parallel of which religious teachers think much. 
And were we to suppose that a watch not* only formulated the 
cause of* its existence in these mechanical terms, but held that 
watches were bound out of reverence so to formulate this cause, 
and even vituperated, as atheistic watches, any that did npt 
venture so to formulate it; we should merely illustrate the 
presumption of theologians by carrying their own argument a .step 
further. A few extracts will bring home to the reader the 

justice of this comparison. We are told, for example, by one of 
high repute among religious thinkers, that the Uniyrqte^ts “ the 
manifestation and abode of a Free Mind, like our owri; embodying 
His personal thought in its adjustments, realizing His own ideal 
in its phenomena, just as 'we express our inner faculty and 
character through the natural language of an external life. In 
this view, we interpret Nature by Humanity ; we find the‘«ke/ to 
her aspects in such purposes' and affections as our own consciousness 
enables us to conceive; we look everywhere for physical signals 
of an ever-living Will; and decipher the universe as the auto¬ 
biography of an Infinite Spirit,'repeating itself in miniature within 
our Finite Spirit." The same writer goes still further. He not 
only thus parallels the assimilation of the watchmaker to the 
watch,—he not only thinks* the created can “declphes" u the 
autobiography" of the Creating; but be asserts that the necessary 
limits to the one are necessary limits to the other. The primacy 
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qualities of bodies, he*says, “ belong eternally to the material 
datum objective to God” and control bis acta; while the secondary 
ones axe “products of pure Inventive ftieaaon and Determining 
Will”—constitute “the realm of* Divine originality.” * • * 
“While on this Secondary field His Mind and ours are thus 
conjtrasted, they meet in resemblance ag&in upon the Primary; for 
the evolutions of deductive Reason there is but one track possible 
to all intelligences ; no menrnn arbitriwm can interchange the false 
and true, or make more .tyan one geometry, one scheme of pure 
Physics, for all worlds; and the Omnipotent Architect Himself 
in realizing the.Kosmic&l conception, iif shaping the orbits out of 
immensity and determining seasons out of eternity, could hut 
follow the laws of curvature, measure and proportion.” That is 
to say, the Ultimate Cause is like a human mechanic, not only as 
44 shaping” the 44 material datum objective to” Him, but also as' 
being obliged to conform to the necessary properties of that 
datum. Nor is thi% ail. There follows some account, of 44 the 
Divine psychology,” to the extent of saying that 44 we learn ” 44 the 
character of God—the order of affections in Him ” from 44 the 
distribution of authority in the hierarchy of our impulses.” In 
other words, it is alleged that the Ultimate Cause has desires that 
are to be classed as higher and lower like our own.* Every 

one has heard of the king who wished he had been present at the 
creation the world, that he might have given good advice. 
He was humble, however, compared with those who profess to 
understand not only the relation # of the Creating to the created, 
but also how the treating is constituted. And yet this tnuujpen- 
dent audacity, which thinks to penetrate the secrets of the Power 
mini fitted through all existence—ry*y, evdn to stand behind that 
Power and note the conditions to its action—this it is which 
passes current as piety! May we not affirm that a sincere 
recognition of the truth that our own and all other existence is a 
mystery absolutely beyond, our comprehension, contains more of 
true religion than all the dogmatic theology ever written ? 

Meanwhile let us recognize whatevereof permanent good there 
b in these persistent attempts to triune conceptions of that which 

* These extracts are from an article entitled “ Nature and God,” published in 
the National JSsvmw for October, I 860 , by Dr. Martineeu. 
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oynwtbeooDoeived. From the begymingft has been only through 
the maoBtmrt failures of such conceptions to satisfy the mind, that 
higher and higher ones’hawe been gradually reached; and doubt¬ 
less, the conceptions now current are indispensable as transitional 
modes of thought. Even more than this may be willingly conceded. 
It is possible, nay probable? that under their most abstract forms, 
ideas of this order will always continue to occupy the background 
of our consciousness. (V^ry likely there will ever remain a need to 
give shape to that indefinite sense of ag Ultimate Existence, which 
forms the basis of our intelligence. We shall always be under the 
necessity of contemplating It as tome mode of being; that is—of 
r epr es en ting it to ourselves in some form of thought, however 
vague. And we shall not err in doing this so long as we treat 
every notion we thus frame as merely a symbol. Perhaps the 
constant formation of such symbols and constant rejection of them 
as inadequate, may be hereafter, as it has hitherto been, a means 
of discipline Perpetually to construct ideas requiring the utmost 
str e t ch of our faculties, and perpetually to find that such ideas 
must he abandoned as futile imaginations, may realize to us more 
fully than any other course, the greatness of that which we vainly 
strive to grasp. By continually seeking to know and being 
continually thrown back with a deepened conviction of the 
impossibility of knowing, we may keep alive the consciousness that 
it is alike our highest wisdom and our highest duty^ttf* regard 
that through which all things exist as The Unknowable.) 

• . 

§ t 3£.<An immense majority will refuse, with more or less of 
indignation, a belief seeming to them so shadowy and indefinite. 
“You offer us,” they bill s^y, “an unthinkable abstraction*in 
place of a Being towards whom we may entertain definite feelings. 
Though we are told that the Absolute is the only reality, yet since 
we are not allowed to conceive it, it might as well be a pure 
negation. Instead of a Power Which we can regard as having some 
sympathy with us, you would have us contemplate a Power to 
which no emotion whatever can be ascribed. And so we are to be 
deprived of the very substance of*our faith.” 

This kind of protest of necessity accompanies every change from 
a lower creed to a higher. The belief in a community of nature 
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between himself and tie object of hit worship, bee always been to 
Man a satisfactory one; and he Has always accepted with reloctaaee 
those successively leas concrete conceptions*which have been forced 
upbn him. Doubtless, in all times ond places, it has consoled the 
barbarian to think of his deities as so like himself in nature, that 
they might be bribed by offerings of food; and the assurance 
that deities could not be so propitiated must have been repugnant, 
because it deprived him of an easy method of gaining supernatural 
protection. To the Greeks it was manifestly a source of comfort 
that on occasions of difficulty they could obtain, through oracles, 
the advice of their gods,—nay, might *ven get the personal aid of 
their gods in hattle; and it was probably a very genuine anger 
which they visited upon philosophers who called in question these 
gross ideas of their mythology. A religion which teaches the 
Hindoo that it is impossible to purchase eternal happiness by 
placing himself undar the wheel of Juggernaut, can scarcely fiul 
to seem a cruel one ip him ; since it deprives him of the pleasurable 
consciousness that he can at will exchange miseries for joys. Nor 
i; it less clear that to our Catholic ancestors, the beliefs that crimes 
could be compounded for by the building of churches, that their 
own punishments and those of their relatives could be abridged by 
the saying of masses, and that divine aid or forgiveness might be 
gained through the intercession of saints, were highly solacing 
ones; feqfjUth&t Protestantism, in substituting the conception of a 
God so comparatively unlike themselves as not to be influenced 
by such methods, must have appeared hard and cold. Naturally, 
therefore, we tnus\ expect a further *tep in the same direction to 
meet with a similar resistance from outraged sentiments. No 

infenUO revolution can be accomplished without more or less lacera¬ 
tion. Be it a change of habit or* a change of conviction, it 
must, if the habit or conviction be strong, do violence to some of 
the feelings; and these must of course oppose it. For long- 
experienced, and therefore, definite,"sources of satisfaction, have to 
be substituted sources of satisfaCtion,that have not been experienced, 
and are therefore indefinite. That which is relatively well known 
and reslf hAs to he given up for that which is relatively unknown 
and ideal. And of course such an exchange cannot be made with¬ 
out a conflict involving pain. Especially, then, must there 
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arise a strong antagonism to any atyeratidh in so deep and vital 
a conception as that with which we are here dealing. Underlying, 
as this conception does, all ideas concerning the dstablished order 
of things, a modification of it threatens to reduce the superstructure 
to ruins. Or to change the metaphor—being the root with which 
are connected our ideas of'goodness, rectitude, or duty, it appears 
impossible that it should be transformed without causing these to 
wither away and die. Tj^e whole higher part of the nature takes 
up arms against a change which seems tp eradicate morality. 

This is by no means all that has to be said for such protests. 
There is a deeper meaning it* them. They do not simply express 
the natural repugnance to a revolution of belief, here made 
specially intense by the vital importance of the belief to be 
revolutionized; but they also express an instinctive adhesion to 
a belief that is in one sense the best—the best for those who 
thus ding to it, though not abstractedly the best. • For here it 
is to be remarked that what were above spoken of as the imper¬ 
fections of Religion, at first great but gradually diminishing, 
have been imperfections as measured by an absolute standard, 
and not as measured by & relative one. Speaking generally, the 
religion current in each age and among each people, has been* as 
near an approximation to the truth as it was then ami there 
possible for men to receive. The concrete forms in which it has 
embodied the truth, have been the means of making"wt&nkable 
what would otherwise have been unthinkable; and so have for 
the time being served to increase its impressiveness. If 

we consider the conditions df the case, we shall find this to be 
an unavoidable conclusion. * During each stage of progress men 
must think in such terrafe of thought as they, possess. While all 
the conspicuous changes o# which they can observe the origins, 
have men and animals as antecedents, they are unable to think 
of antecedents in general under any other shapes; and hence 
creative agencies are almost *of necesrity conceived, by them in 
these shapes. If, during this. phaKe, these concrete conceptions 
were taken from them and the attempt made to give them 
comparatively abstract conceptions, the result would beMo leave 
their minds with none at all; since the substituted ones could 
not be mentally represented. Similarly with every successive 
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•tag* of religious belief, down bp the last Though, as accumulat¬ 
ing experiences slowly modify the earliest ideas of causal 
personalities, thfre grow up more general and vague ideas pf 
thefh; yet these cannot be at once replaced by others still more 
general and vague. Further experiences must supply the needful 
further abstractions, before the mental v8id left by the destruction 
of such inferior ideas can be filled by ideas of a superior order. 
And at the present time, »the refusal to abandon a relatively 
concrete consciousness for ^ relatively aostract one, implies the 
inability to frame the relatively abstract one; and so implies 
that the change would be premature and injurious. Still 

more clearly shall we see the injuriousness of any such premature 
change, on observing that the effects of a belief upon conduct 
must be diminished in proportion as the vividness with which 
it is realized becomes less. Evils and benefits akin to those which 
the savage Was personally felt, or learned from those who have 
felt them, are the pnly evils and benefits he can un4erstand; 
and these must be looked for as-coming in ways like those of 
v&ich be has had experience. His deities must be imagined to 
have like motives and passions and methods with the beings 
•round him; for motives and passions and methods of a higher 
character, being unknown to him, and in great measure unthink¬ 
able by him, cannot be so represented in thought as to influence 
his dee d s —D uring every phase of civilization, the actions of the 
Unseen Reality, as well as the resulting rewards and punishments, 
being conceivable only in such forms as experience furnishes, to 
supplant them by*higher ones before* wider experiences have made 
higher ones conceivable, is to set up vague and uninfluential 
motives for definite and influential pnes. *Even now, for the great 
mam of men, unable to trace out with clearness those good and 
bad consequences which conduct brings round through the 
established order of things, it is well that there should be depicted 
future punishments and future • joys—pains and pleasures of 
definite kinds, produced in ways direct and simple enough to be 
clearly imagined. Nay still mor» must be conceded. Few 

are as yet Wholly fitted to dispehse arith such conceptions as are 
current. The highest abstractions take so great a mental power 
to realise with any vividness, and are so inoperative on conduct 
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unless they are vividly realised, that their regulative effects must 
for a long period to come be appreciable on but a small minority. 
To see dearly how a Yight or wrong act generates conse q u en ce s , 
internal and external, that gp on branching out more widely as 
years progress, requires a rare power of analysis. And to estimate 
these consequences in thiir totality requires a grasp of thought 
possessed by none. Were it not that throughout the progress of 
the race, men's experiences of the effects of conduct have been 
slowly generalized into principles—way it not that these principles 
have been from generation to generation insisted on by parents, 
upheld by public opinion, sanctified by religion, and enforced by 
threats of eternal damnation for disobedience—were it not that 
under these potent influences habits have been modified, and the 
feelings proper to them made innate; disastrous results would 
follow the removal of those strong and distinct wnotives which the 
current belief supplies. Even as it is, those who relinquish the 
faith in which they have been brought up, fpr this most abstract 
faith in which Science and Religion unite, may not uncommonly 
fail to act up to their convictions. Left to their organic 
morality, enforced only by general reasonings difficult to keep 
before the mind, their defects of nature will often come out more 
strongly than they would have done under their previous creed. 
The substituted creed can become adequately operative only when 
it becomes, like the present one, an element in earl)^*odOcation, 
and has the support of a strong social sanction. Nor will men be 
quite ready for it until, through the continuance of a discipline 
which has partially moulded them to the conditions of social 
existence, they are completely moulded to those conditions. 

We must therefore recognize r the resistance to a change "of 
theological opinion, as in*great measure salutary. Forms of 
religion, like forms of government, must be fit for those who live 
under them 4 and in the one case as in the other, the form which is 
fittest is that for which there is an instinctive preference. As a 
barbarous race needs a harsh terrestrial rule, and shows attachment 
to a despotism capable of the necessary rigour; so does such a race 
need a belief in a celestial sple that is similarly harsR, and shows 
attachment to such a belief.) And as the sudden substitution of 
fine institutions for despotic ones, is sure to be followed by a re* 
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action; ao, if a creed fbll*of drcpdful ideal penalties it all at once 
replaced by one presenting ideal penalties that are comparatively 
gentle, there will fnevitably be a return to some modification of the 
old Belief. The parallelism holds yet further. During those 

early stages in which there is extreme incongruity between the rela¬ 
tively best and the absolutely best, bofli political and religious 
changes, when at rare intervals they occur, are violent; and they 
entail violent retrogressions. • But as the incongruity between* that 
which is and that which should be, diminishes, the changes become 
more moderate, and are succeeded by more moderate counter-move¬ 
ments ; until, as these movements and cdUnter-movements decrease 
in amount and increase in frequency, they merge into an almost 
continuous growth. /This holds true of religious creeds and forms, 
as of civil ones. And so we learn that theological conservatism,| 
like political conservatism, has an important function.) 

§ 38.(That spirit of toleration which is so marked a trait of 
modem times, has thus a deeper meaning than is supposed.. What 
we. commonly regard simply as a due respect for the right of 
private judgment, is really a necessary condition to the balancing 
of the progressive and conservative tendencies—is a means of 
maintaining the adaptation between men's beliefs and their natures. 
It is therefore a spirit to be fostered; and especially by the 
catholic 'thinker, who perceives the functions of these conflicting 
creeds. Doubtless whoever feels the greatness of the 

error his fellows ding to and the greatness of the truth they reject, 
will find it hard to show a due patfence. It is hard to listen 
calmly to the futile arguments used* in support of irrational 
doefirinh, and to the^ misrepresentations of antagonist doctrines. 
It is hard to bear the display of that* pride of ignorance which 
so far exceeds the pride of science. Naturally such a one will 
be indignant when charged with irreligion because be declines 
to accept the carpenter ^ theo ry of ’creation as the most worthy 
one. He may think it needU&s, as it is difficult, to conceal 
his repugnance to a creed which tacitly ascribes to The Un¬ 
knowable a loVe of adulation such as would be despised in a human 
being. Convinced as he is that pain, as we see it in the order 
of nature, is an aid to the average welfare, there will perhaps escape 
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from Mm an angry condemnation tbe*belief that punishment is 
a divine vengeance, yid that divine vengeance is eternal. He 
may be tempted to show his contempt when* he is told that 
actions instigated by an unselfish sympathy or by a pure *love 
of rectitude, are intrinsically sinful; and that conduct is truly 
good only when it is due to a faith whose openly-professed 
motive is other-worldliness. But he must restrain .such feelings. 
Though he may be unable to do* this during the excitement 
of controversy, he must yet qualify his antagonism in calmer 
moments; so that his mature judgment and resulting conduct 
may be without bias. 

(To this end let him bear in mind three cardinal facts—two of 
them already dwelt on, and one still to be pointed out. The first 
is that with which we commenced; namely, the existence of a 
fundamental verity under all forms of religioif, however degraded. 
In each of them there is a soul of truth. The second, set forth at 
length in the foregoing section, is that whilediiose concrete elements 
in which each creed embodies this soul of truth are bad as measured 
! by an absolute standard, they are good as measured by a relative 
standard. The remaining one is that these various beliefs are parts 
of the constituted order of things, and, if not in their special forms 
yet in their general forms, necessary parts. Seeing how one or 
other of them is everywhere present, is of perennial growth, and 
when cut down redevelops in a form but slightly modified, we can¬ 
not avoid the inference that they are needful accompaniments of 
human life, severally fitted to the societies iq which they are in¬ 
digenous.) We must recognize them as elements in that great 
evolution of which the * beginning and end are beyond our 
knowledge or conception—as modes of jnanifestation cf The 
Unknowable, and as havid^ this for their warrant. 

■ Our toleration therefore should be the widest possible. In deal¬ 
ing with alien beliefs our endeavour must be, not simply to refrain 
from injustice of word or deec£ but also .to do justjee by an open 
recognition of positive worth. We must qualify our disagreement 
with as much as may brfof sympathy. 

| 84.(These admissions will perhaps be held to imply that the 
current theology should be passively accepted,)or, at any rate, 
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should not be actively o^poiad, “Why,’*it may be asked, “if 
creeds are severally fit for their times and places, should we not 
rest content with that to which we are bom ? If the established 
belief contains an essential troth—if the forms under which it fare* 
emits this troth, though intrinsically bad. are estrinsically good— 
if the abolition of these forms would be at present detrimental to 
the great majority—nay, if there are scarcely any to whom the 
ultimate and most abstract belief can furqish an adequate rate of 
life; surely it is wrong, for the present at least, to propagate this 
ultimate and most abstract belief." 

The reply is that though existing religious ideas and institutions 
have an average adaptation to the characters of the people who 
live under them, yet, as these characters are ever changing, the 
adaptation is ever .becoming imperfect; and the ideas and institu¬ 
tions need remodelling with a frequency proportionate to the 
rapidity of the change. Hence, while it is requisite that free 
play should be given .to conservative thought and action, pro¬ 
gressive thought and action must also have free play* Without 
thejsgency of both there cannot be those continual re-adaptations 
which orderly progress demands. ; 

Whoever hesitates to utter that which he thinks the highest 
truth, lest it should be too much in advance of the time, may 
reassure himself by looking at his acts from an impersonal point of 
view. L&vfcim remember that opinion is the agency through 
which character adapts external arrangements to itself, and that his 
opinion rightly forms part of thi$ agency—is a unit of force 
constituting, with other such units, thfe general power which worjes; 
out social changes; and he will perceive that he may properly 
give* utterance to his yinermost conviction :* leaving it to produce 
what effect it may. It is not for nothing that he has in him 
these sympathies with some principles and repugnance to others. 
He, with all his capacities, and aspirations, and beliefs, is not an 
accident but a product of the time.* While he Js a descendant of 
tbe.poAtJbe. is jyparent_ of the future; *nd his thoughts are as 
child ren horn tq him, which he may not Carelessly let die Like 
every other man he may properly consider himself as one of the 
myriad agencies through whom works the Unknown Cause; and 
when the Unknown Cause produces in him a certain belief, he 
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Is thereby authorised to profess sspd self out that belie! For, to 
render in their highest sense the words of the poet— 

-Nature is made better by no mean. 

Bat nature makerthat mean: over that ait 
Which yon adds to nature, u an art 
That nature makes. 

Not as adventitious therefore will the wise man regard the faith 
which is in him. Tifc highest truth he sees he will fearlessly 
utter; knowing that, let what may* come of it, he is thus play* 
ing his right part in the^ world—knowing that if he can effect the 
change he aims at—well; if not—well also; though not so well. 
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Or multitudinous criticisms made on the preceding five chapters 
since the publication of First Principletrin 1862, it is practicable 
to notice only those of chief importance. Even to do this would 
be impracticable were it not that most of them are essentially the 
same and may be met by the same answers. 

Several opponent? have contended that it is illegitimate to 
assert of the Ultimate Reality lying behind Appearance, that it is 
unknown and unknowable. The statement that it is unknowable is 
said to assume knowledge greater than we can have: alike as 
putting an arbitrary limit to possible human faculty, and as 
asserting something concerning that of which we are said to know 
nothing: a contradiction. 

To tbe first of these objections, that an arbitrary limit is put to 
possible human faculty, an answer has already been given in § 24, 
where it k^been shown that knowledge involves the three elements. 
Relation, Difference, Likeness; and that unconditioned existence, of 
which no one of these can be affirm without contradiction, conse¬ 
quently does not present a subject-matter for knowledge. Further, 
in the next section it was pointed out that in the process of know¬ 
ing 'there is the same, implication. .Thinking being relationing, 
no thought can express more than relations. From which truth 
it is inferable that human faculty must become fundamentally 
unlike what it is, and knowledge must become something other 
than what we call knowledge, before anything can be known 
about the Unconditioned. 

The second objection is not thus easily met. It is doubtless 
true that saying what a thing is not, as, in some measure, saying 
what it is; since if, of all possible assertions respecting it, one is 
cancelled, the cancelling, by diminishing the number of possible asaer- 
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tions, implies an incipient definition. Aueries of statements of what 
it is not, excluding one possibility after another, becomes eventually 
a line of exclusions dkwn round it— a definition of it. The game 
of Twenty Questions illustrates this. Hence it cannot be denied 
that to affirm of the Ultimate Reality that it is unknowable is, in 
a remote way, to assert sdfcne knowledge of it, and therefore involves 
a contradiction. ^ 

This extreme case, however, does but serve to bring out the truth 
that, limited as our intelligence is tg the relative, and obliged as 
we are to use words which have been moulded to it, we cannot say 
anything concerning the* non-relative without carrying into our 
propositions meanings connoted by those words—meanings foreign 
to a subject-matter which transcends relations. Intellect being 
framed simply by and for converse with phenomena, involves us in 
nonsense when we try to use it for anything beyond phenomena. 
This inability of the thinking faculty in presence* of the Uncon¬ 
ditioned, is shown not only by the self-coijtradictory nature of its 
product , but also by the arrest of its procesn before completion, 
in attempting to pass the limit it breaks down before it.has 
finished its first step. For since every thought expresses a relation 
—since thinking is relationing—thinking ceases when one of the 
two terms of a relation remains blank. As the relation is incom¬ 
plete there is no thought properly so called: thought fails. So 
that we cannot rightly conceive even a connexion betwaa^fioumenon 
and phenomenon. We are unable in any consistent way to assert 
a Reality standing in some relation to the Apparent. Such a 
relation is not truly imaginable. 

And yet by the very nature of our intelligence we are compelled 
continually to ascribe ‘the effects we know to some cause w* do not 
know—to regard the manifestations we are conscious of 4s imply¬ 
ing something manifested. We find it impossible to think of the 
world as constituted of appearances, and to exclude all thought 
of a reality of which they aft; appearances. The inconsistencies 
in the views set forth are, In fact organic. Intellectual action 
being a perpetual forming of relations between the states from 
moment to moment passing, and being incapable of arresting 
itself, tends irresistibly to form them when it reaches the limit 
of intelligence^ The inevitable effect of our mental constitution 
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it that on retching the limit thought rashes out to form a new 
relation and cannot form it. k conflict hence arises between an 
effort to pan into the Unknowable and afl inability to past—a 
conflict which involves the inconsistency of feeling obliged to 
think something and being unable to think it. 

And here we come as before to the conclusion that while it is 
impossible for us to have a conception, there yet ever remains a 
consciousness—-a consciousness of which no logical account can 
be given, but which is the necessary result of our mental action 
since the perpetually-foiled endeavour to think the relation between 
Appearance and Reality, ever leaves behind a feeling that though 
a second term cannot be framed in thought yet there is a second 
term. This distinction, here emphasized as it was emphasized in 
§ 26, my critics have ignored. Their arguments are directed against 
one or other elements in a conception which they ascribe to me. 
forgetting that, equally with them, I deny the possibility of any 
conception, and affirm only that after all our fbtile attempts to 
conceive, there remains the undefinable substance of a conception 
—a consciousness which cannot be put into any shape. 

But now let it be understood that the reader is not called on 
to judge respecting any of the arguments or conclusions contained 
in the foregoing five chapters and in the above paragraphs. The 
subjects on jduch we are about to enter are independent of the 
subjects thus far discussed; and he may reject any or all of that 
which has gone before, while leaving himself free to accept any or 
all of that which is how to come. ' 

When drawing up the programme'Sof the Synthetic Philos¬ 
ophy, ty 1 appeared to me that, in the absence of any statement 
of theoiogico-metaphysical beliefs, the general doctrine set forth 
might be misconstrued; and Part I, “The Unknowable," was 
written for the purpose of excluding the possible misconstructions. 
Unfortunately I did not foresee that Part I would be regarded as 
a basis for Part II; with the result that the acceptance or rejec¬ 
tion of the conclusions in Part I, would be supposed to determine 
acceptance or rejection of those in Pert II. Very many have in 
consequence been prevented from reading beyond this point. 

But an account of the Transformation of Things, given in the 
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page* which follow, ii simply an eyderiy pm ai titioB of Acts;* and 
the interpretation of the facts it nothing more than a statement ti 
the ultimate uniformities they present—the lies to which they 
conform. Is the reader an /atheist ? the exposition of these facts 
and them laws will neither yield support to his belief nor de stroy 
it Is he a pantheist?"' The phenomena and the inferences as 
now to be set forth will not force oh him any incongruous implica¬ 
tion. Does he think that God is immanent throqghout all things, 
from concentrating nebuhe to the thoughts of poets ? Then the 
theory to be put before him contains no disproof of that view. 
Does he believe in a Deity who has given unchanging laws to 
the Universe? Then he will find nothing at variance with his 
belief in an exposition of those laws and an account of the results. 

Monk, 1899. 
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THE KNOWABLE 




CHAPTER 1 


PHILOSOPHY DEFINED 

$ 35. Aim concluding that we canndt know the ultimate nature 
of that which is manifested to us, there arise the questions—What 
is it that we know ? In what sense do we know it ? And in what 
consists our highest knowledge of it ? Having repudiated as impos¬ 
sible the Philosophy* which professes to formulate Being as distin¬ 
guished from Appearance, it becomes needful to say what Philos¬ 
ophy truly is—not simply to specify its limits, but to specify its 
character within those limits. Given the sphere to which human 
intelligence is restricted, and there remains to define that product 
of human intelligence which may still be called Philosophy. 

Htere, we may fitly avail ourselves of the method followed at the 
outset—that of separating from conceptions which are partially or 
mainly erroneous the element of truth they contain. As in the 
chapter on*''Religion and Science," it was inferred that religious 
beliefs, wrong as they may severally be, nevertheless probably each 
contain an essential .verity, and thaUthis is most likely common to 
them all; so in this place it is to be inferred that past and present 
beliefs respecting the nature of Philosophy, are none of them 
srholfyrolse, and that that in which they are true is that in which 
they agree. We have here, then, to do* what was done there—to 
compare aU opinions of the sane genus; to set aside as more or 
less discrediting one another those elements in which such opinions 
differ; to observe what .remains alter the discordant components 
have been cancelled; and to find*for this remaining component that 
expression which holds true throughout its* divergent forms. 

$ 86. Earlier speculations being passed over, we see that among 
the Greeks, before there had arisen any notion of Philosophy in 
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general, those particular forms of i^ fW*rf*»hieb the gmerel notion 
vm to arise, were hypothec respecting mom universal principle 
which ns the essence* of all kinds of being. To the q u es ti on— 
“What is that mvariabU uptime* of which these are vaftabk 
states? " there were sundry answers—Water, Air, Fire, A dan of 
suppositions of this all-embracing character having been pro* 
pounded, it became possible for Pythagoras to conceive of Philos¬ 
ophy in the abstract, acknowledge the most remote from practical 
ends; and to define it as 14 knowledge of immaterial and eternal 
things": “the cause of the materia] existence of things" being, in 
his view. Number. Thereafter, was continued a pursuit of Philos¬ 
ophy as some deepest explanation of the Universe, assumed to be 
possible, whether actually reached in any case or not. And in the 
course of this pursuit, various such interpretations were given as 
that “One is the beginning of all things'*; that “the One is 
God"; that “the One is Finite"; that “the One is Infinite"; 
that “Intelligence is the governing principle of things"; and so 
on. From all which it is plain that the knowledge supposed to 
constitute Philosophy, differed from other knowledge in its exhaus¬ 
tive character. After the Sceptics had shaken men's faith 

in their powers of reaching such transcendent knowledge, there 
grew up a much-restricted conception of Philosophy. Under 
Socrates, and still more under the Stoics, Philosophy became little 
elae than the doctrine of right living. Not indeed that-.the proper 
ruling of conduct, as conceived by sundry of the later Greek 
thinkers to constitute the subject-matter of Philosophy, answered 
to,what was popularly under!tood by the proper ruling of conduct. 
The injunctions of Zeno wdhe not of the same class as those which 
guided men in their daily observances, sacrifices, customs, a^having 
more or leas of religious* sanction; but they were principles of 
action enunciated without reference to times, or persons, or special 
cases. What, then, was the constant element in these unlike 

ideas of Philosophy held by tile ancients j? Clearly this last idea 
agrees with the first, in implying* that Philosophy seeks for wide 
and deep truths, as distinguished from the multitudinous detailed 
truths which the surfaces of ■things and actions present. 

By comparing the conceptions of Philosophy that .have been 
current in modem times, we get a like result. The disciples of 
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Bchrilfng and Fichte jofaftbe Hegelian in ridiculing the so-caQed 
Philosophy tbidi has been current in Epglud. Not -itW 
reason, they langti on reading of “ Philosophical instruments ; 
and *would deny that any one of the papers in the Philosophical 
Transaction* has the least claim to qpme under such a title. 
Re talia ti ng on their critics, the English may, and most of them 
do, reject as, absurd the imagined Philosophy of the German 
schools. They hold that whether consciousness does or does not 
vouch for the existence of something beyond itself, it at any rate 
cannot comprehend that something; and that hence, in so far as 
any Philosophy professes to be an Otftology, it is false. These 
two views cancel one another over large parts of their areas. The 
English criticism on the Germans, cuts off from Philosophy all 
that is regarded as absolute knowledge. The German criticism 
on the English tacitly implies that if Philosophy is limited to the 
relative, it is at any rate not concerned with those aspects of the 
relative which are embodied in mathematical formulae, in accounts 
of physical researches, in chemical analyses, or in descriptions of 
species and reports of physiological experiments. Now 

what has the too-wide German conception in common with 
the Conception current among English men of science; which, 
narrow and crude as it is, is not so narrow and crude as their 
misuse of the word philosophical indicates? The two have this 
in common; that neither Germans nor English apply the word 
to unsystematized knowledge—to knowledge quite un-coordinated 
with other knowledge. Even the .most limited specialist would 
not describe as philosophical, an essay which, dealing wholly with 
details, manifested no perception of the bearings of those details 
4 Wf wMir truths. 

The vague idea of Philosophy thus* raised may be rendered 
more definite by comparing what has been known in England 
as Natural Philosophy with that development of it called Positive 
Philosophy. Though, a* Mi Comte admits, the two consist of 
knowledge essentially the same fn kind; yet, by having put this 
kind of knowledge into a more coherent 'form, he has given it 
more of that character to which the teftn philosophical is applied. 
Without saying anything about the character of his co-ordination, 
it must be conceded that, by the fact of its coordination, the 
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body of knowledge organised bj^hin lfc* * better c lai m to the 
title Philosophy, than hat the comparaUvdy-uiKffgaaiwd body 
of knowledge named Natural Philoeophy. 

If subdivisions of Philosophy be contrasted with OM Mxreher, 
or with the whole, the same implication comes out. Moral 
Philosophy and Political Philosophy, agree with Philosophy at 
large in the comprehensiveness of their reasonings aqd conclusions. 
Though under the, head Moral Philosophy, we treat of human 
actions as right or wrong, we do not include special directions 
for behaviour in school, at table, or on the Exchange; and 
though Political Philosophy has for its topic the conduct of men 
in their public relations, it does not concern itself with modes 
of voting or details of administration. Both of these sections 
of Philosophy contemplate particular instances only as illustrat¬ 
ing truths of wide application. 

| S7« Thus every one of these conceptions implies belief in a 
possible way of knowing things more completely than they are 
known through simple experiences, mechanically accumulated in 
memory or heaped up in cyclopaedias. Though in the extent 
of the sphere which they have supposed Philosophy to fill,* men 
have differed and still differ very widely; yet there is a real if 
unavowed agreement among them in signifying by this title a 
knowledge which transcends ordinary knowledge. * That which 
remains as the common element in these conceptions of Philosophy, 
after the elimination of their discordant elements, is —knowledge 
qf, the highest degree of generality. We see this tacitly asserted 
by the simultaneous inclusion of God, Nature, and May, w|thin 
its scope; or still more distinctly by the division of Ph^tAofihy 
as a whole into Theological, Physical, Ethical, Ac. For that 
which characterizes the genus of which these are species, must 
be something more general than that which distinguishes any 
one species. 

What must be the shape here given to this conception? 
Though persistently cdhscious of a Power manifested to us, we 
have abandoned as futile tHfe attempt to learn anything respecting 
that Power, and so have shut out Philosophy from much of the 
domain supposed to belong to it. The domain left is that 
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occupied by Science. Sconce concerns itself with the co-existences 
and seque n ces among phenomena; grouping these at first into 
generalizations of a simple or low order, aad ruing gradually to 
higher and more extended generalizations. But if so, where 
remains any subject-matter for Philosophy ? 

TheVeply is—Philosophy may still properly be the title retained 
for knowledge of the highest generality. Science means merely 
the (airily ofthe Sciences—standi for nothing more than the sum 
of knowledge formed of their contributions; and ignores the 
knowledge constituted by t&e fusion of these contributions into 
a whole. As usage has defined it, Scieppe consists of truths exist¬ 
ing more pr less separated, and does not recognize these truths as 
entirely iitegrated. An illustration will make the difference dear. 

If weaieribe the flow of a river to the same force which causes 
the fallpf a stone, ye make & statement that belongs to a certain 
divisionbf Scysnce. If, to explain how gravitation produces this 
movement in a direction almost horizontal, we cite the law that 
fluids subject to mechanical forces exert re-active forces wfjich are 
equal in tl directions, we formulate a wider truth, containing the 
scientific titerpretation* of many other phenomena; as those pre¬ 
sented bythe fountain, the hydraulic press, the steam-engine, the 
air-pump. And when this proposition, extending only to the 
dynamics f fluids, is merged in a proposition of general dynamics, 
comprehen'igg the laws of movement of solids as well as of fluids, 
there is reabed a yet higher truth; but still a truth that comes 
wholly witln the realm of Science. Again, looking around 

at Birds an^Mam dials, suppose we*say that air-breathing animals 
are hot-bloded; and that then, remembering bow Reptiles, which 
I ^d4ffc£*e*thetir, are not much warmer than their media, we say, 
more ‘truly, hat anifnals (bulks being equal) have temperatures 
proportionattto the quantities of air they breathe; and that then, 
calling to mid certain large fish, as the tunny, which maintain a 
heat considerqly above tha\ of tho water they swim in, we further 
correct the ge*ralizatioh by saying that the temperature varies as 
the rate of oxtenation of the bloodT; apd that then, modifying 
the statement 6 meet other criticisms^ we finally assert the relation 
to be between he amount of heat and the amount of molecular 
change—suppopg we do all this, we state scientific truths that 
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an mwaiiidy wider and more oompletejbut truth* which, tele 
kit, remain purely scientific. 9 Once more if, guided by 
iMWttntile experience*? we reach the conclusion® that price* rise 
when the demand exceeds the supply ; that commodities flor-fton 
places where they are abundant to places where they are fsarce; 
that the industries of different localities are determined ii their 
kinds mainly by the facilities which the localities afford for them ; 
and if, studying these generalisations pf political econfamy, # trace 
them all to the truth that each mpn seeks satisfaction for hit 
desires in ways costing the smallest efforts—such social phenomena 
being rcmltanU of individt^d actions so guided; we are sill deal¬ 
ing with the propositions of Science only. , 

How, then, is Philosophy constituted? It is constituted fay 
carrying a stage further the process indicated. So long at these 
truths are known only apart and regarded as independent even 
the mast general of them cannot without laxity of speech b called 
philosophical. But when, having been severally reduct^ to a 
mechanical axiom, a principle of molecular physics, and j law of 
social action, they are contemplated together as corollariesof some 
ultimate truth, then we rise to the kind of knowlec^e which 
constitutes Philosophy proper. 

The truths of Philosophy thus bear the same relation to the 
highest scientific truths, that each of these bears to lows scientific 
truths. As each widest generalization of Science comp mends and 
consolidates the narrower generalizations of its own (jvision; so 
the generalizations of Philosophy comprehend and conslidate the 
widest generalizations of Science. It is therefore a kn*’ledge the 
extreme opposite in kind to that which experience first ^cumulates. 
It is the final product of that process which begins nth a < pr*r* v 
colligation of crude observations, goes on establishingpropositions 
that are broader and more separated from particular eves, and ends 
in universal propositions. Or to faring the definition i its simplest 
and clearest form:—Knowledge of the lowest kincps vn-imified 
knowledge; Science is pariiaJfiy-unified knowledge; philosophy is 
completely-unified knowledge. 

| 88. Such, at least, is the meaning we must hJb give to the 
word Philosophy, if we employ it at alL In sopfining it, we 
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whWi It wnnxa to the various c o n ce pt ion* of ft 
current among both ancients and modems-—rejecting those de- 
manta in which* these conceptions disagree. In short, we are 
simply giving precision to that application of the word which 
has been gradually establishing itself 

Two forms of Philosophy, as thus dhdeistood, may be distin¬ 
guished and dealt with separately. On the one hand, the things 
contemplated 1 may be the universal trutty: all particular truths 
r efer re d to being used simply for proof or elucidation of these 
universal truths. On the other hand, setting out with the uni¬ 
versal truths, the things contemplated may be the particular truths 
as interpreted by them. In both cases we deal with the universal 
truths; but in the one case they are passive and in the other case 
active—in the one case they form the products of exploration and in 
the other case the instruments of exploration. These divisions we 
may appropriately call General Philosophy and Special Philosophy 
respectively. 

The remainder of this volume will be devoted to General 
Philosophy. Special Philosophy, divided into parts determined by 
the natures of the phenomena treated, will be the subject-matter 
of subsequent volumes. 
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THE DATA OF PHILOSOPHY 

$ 89. Every thought involves a whole system of thoughts and 
cesses to exist if severed from its various correlatives. As we 
cannot isolate a single organ of a living body, and deal with it 
as though it had a life independent of the «rest; so, from the 
organized structure of our cognitions, we cannot cut out one, and 
proceed as though it had survived the separation. The develop¬ 
ment of formless protoplasm into an embryo is a specialization of 
parts, the definiteness of which increases only as fast as their com¬ 
bination increases. Each becomes a distinguishable organ only 
on condition that it is bound up with others, which have siqiul- 
taneously become distinguishable organs. Similarly, from the 
unformed material of consciousness, a developed intelligence can 
arise only by a process which, in making thoughts,, defined also 
makes them mutually dependent—establishes among them certain 
vital connexions the destruction of which causes instant death of 
the thoughts. Overlooking this all-importaAt truth, however, 
speculators ham habitually* set out with some professedly-simple 
datum or data; have* supposed themselves to assume 
beyond this datum or these* data; and have 1 thereupon proceeded 
to prove or disprove propositions which were, by implication, 
already unconsciously asserted along with that which was con¬ 
sciously asserted. 

This reasoning in a circle ^as resulted from the misuse of words: 
not that misuse commonly enlarged upon—not the misapplication 
or change of meaning whervee so much error arises f but a more 
radical and less obvious misuse. Only that thought which is 
directly indicated by each word has been contemplated; while 
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anmmrom thoughts indirectly indicated have been left out of 
consideration. Became a spoken or written word can be detached 
Dram all other*, it has been inadvertently twinned that the thing 
jlghified by a word can be detacfae4 from the things signified by 
all other words. How profoundly this error vitiates the 

conclusions of one who makes it, we smdl quickly see on taking 
a case. Thj sceptical metaphysician, wishing his reasonings to be 
as rigorous as possible, says *to himself—If I will take for granted 
only this one thing.** What now are the tacit assumptions 
inseparable from his avowed assumption ? The resolve itself 
indirectly asserts that there is some other thing, or are some other 
things, which he might assume; for it is impossible to think of 
unity without thinking of a correlative duality or multiplicity. 
In the very act, therefore, of restricting himself, he takes in much 
that is professedly left out. Again, before proceeding he must 
give a definition of that which he assumes. Is nothing unexpressed 
involved in the thought of a thing as defined? Them is the 
thought of something excluded by the definition—there is, as 
before, the thought of other existence. But there is much more. 
Defining a thing, or setting a limit to it, implies the thought of 
a Kmit; and limit cannot be thought of apart from some notion 
of quantity—extensive, pro tensive, or intensive. Further, defini¬ 
tion is impossible unless there enters into it the thought of 
difference; wund difference, besides being unthinkable without 
having two things that differ, implies the existence of other 
differences than the one recognised; since without them there 
cannot have been formed the general conception of difference. 
Nor is this all. As before pointed otlt (§ 24) ail thought involves 
tBP^onsciousness ofj likeness: the. one thing avowedly postulated 
cannot be known absolutely as one thing, but can be known only 
as of such or such kind—only as classed with other things in 
virtue of some common attribute. Thus, along with the single 
avowed datum, we h^ve surreptitiously brought in a number of 
unavowed data— existence othet than* that alleged, quantity, number , 
limit, difference, likeness , class , attribute. * Now in these unacknow¬ 
ledged postulates, we have the outlines of a general theory; 
and that theory can be neither proved nor disproved by the 
metaphysician's argument. Insist that his symbol shall be in- 
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terpreted tt every step into it*, full * meaning} with all the 
complementary thoughts implied by that meaning} and you find 
already taken for granted in the premisses that which in the 
conclusion is asserted or denied 

In what way, then, must Philosophy set out? The developed 
intelligence is framed upon certain organised and consolidated 
conceptions of which it cannot divest itself; and whiph it can no 
more stir without using than the body can stir without help of its 
limbs. In what way, then, is it possible for intelligence, striving 
after Philosophy, to give any account of these conceptions, and to 
show either their validity ur their invalidity ? There is but one 
way. Those of them which are vital, or cannot be severed from 
the rest without mental dissolution, must be assumed as true pro- 
vincmally. The fundamental intuitions that are essential to the 
process of thinking, must be temporarily accepted as unquestion¬ 
able : leaving the assumption qf their unquestionablenesrto be justified 
bp the rcfutts. 

§ 40. How is it to be justified by the results ? As any other 
assumption is justified—by ascertaining that all the conclusions 
deducible from it correspond with the facts as directly observed— 
by showing the agreement between the experiences it leads us to 
anticipate, and the actual experiences. There is no mode of 
establishing the validity of any belief except that of«showing its 
congruity with all other beliefs. If we suppose that a mass which 
has a certain colour and lustre i; the substance called gold, how do 
we proceed to prove that it Is gold ? We represent to ourselves 
certain other impressions which gold produces on us, and th$n 
observe whether, under the appropriate conditions, this p&rtMfftfi* 
mass produces on us such impressions. We remember that gold 
has a high specific gravity; and if, on poising this substance on the 
finger, we find that its weight is great considering its bulk, we take 
the correspondence between thfi represented impression and the 
presented impression as furthea evidence that the substance is gold. 
Knowing that gold, unlike most metals, is insoluble in nitric arid, 
we imagine to ourselves a drop of nitric arid placed on the surface 
of this yellow, glittering, heavy substance, without causing corrosion; 
and when, after so placing a drop of nitric arid, no effervescence or 
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other change follows, wo hold Jhis agreement b e twe e n the ratidpo 
tkm and the experience to be an additional reason for thinking that 
the substance it gold. And if, similarly, 9 the great malleability 
jpomesaed by gold we find to be parajleied by the great malleability 
of this substance; if, like gold, it fuses at about 2,000 deg.; 
crystallise) in octahedrons; it dissolved *by selenic acid; and, under 
all conditions, does what gold does under such conditions; the 
conviction tLat it is gold seaches what ye regard as the highest 
certainty—we know it to be gold in the fullest sense of knowing. 
For, as we here see, our whole knowledge of gold consists in nothing 
more than the consciousness of a definite set of impressions, stand¬ 
ing in definite relations, disclosed under definite conditions; and if, 
in a present experience, the i repressions, relations, and conditions, 
perfectly correspond with those in past experiences, the cognition 
has all the validity of which it is capable. So that, generalizing 
the statement, hypotheses, down even to those simple ones which 
we make from moment to moment in our acts of recognition, 
are verified when entire congruity is found between the states 
of, consciousness constituting them, and certain other states 
of consciousness given in perception, or reflection, or both; and 
no* other knowledge is possible for us than that which consists 
of the consciousness of such congruities and their correlative 
incongruities. 

Hence Philosophy, compelled to make those fundamental 
assumptions without which thought is impossible, has to justify 
them by showing their congruity with all other dicta of conscious¬ 
ness. Debarred as we are from everything beyond the relative, 
truth, raised to its highest form, can be for us nothing more than 
psfcfect agreement, throughout the,whole *range of our experience, 
between those representations of things which we distinguish as 
ideal and those presentations of things which we distinguish as 
real. If, by discovering a proposition to be untrue, we mean 
nothing more than discovering a difference between a thing inferred 
and a thing perceived; then a body °f conclusions in which no 
such difference anywhere occurs, must »be what we mean by an 
entirely truft body of conclusions. 

And here, indeed, it becomes also obvious that, setting out 
with these fundamental intuitions provisionally assumed to be 
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true, the proc es s of proving or disproving Hdr ooagraity vrith «B 
other dicta of consciousness becomes the business of $ 

and the complete establishment of the congruity Ubeonei tier mme 
thing as the complete unification of knowledge in which Philosophy, 
leaches its goal 

§ 41. What is tins datum, or rather, what are these data, 
which Philosophy eannqt do without? Clearly one primordial 
datum is involved in the foregoing statement. Already % implica¬ 
tion we have assumed that congruities and incongruities exist, and 
are cognizable by us. We cannot avoid accepting ee true the 
verdict of consciousness that some manifestations are like one 
another and some are unlike one uhother. Unless consciousness 
be a competent judge of the likeness and unlikenesa of its states, 
there can never be established that congnniy throughout the 
whole of our cognitions which constitutes Philosophy; nor can 
there ever be established that incongruity by which only any 
hypothesis, philosophical or other, can he shown erroneous. 

it is useless to say, as Sir W. Hamilton docs, that w conscious¬ 
ness is to be presumed trustworthy until proved mendacious." 
It cannot be proved mendacious in this, its primordial act; since 
proof involves a repeated acceptance of this primordial act. Nay 
more, the very thing supposed to be proved cannot he expressed 
without recognizing this primordial act aa valid; since unless we 
accept the verdict of consciousness that they differ, mendacity 
and trustworthiness become identical. P roe ms and product of 
reasoning both disappear in the absence of this assumption. 

It may, indeed, be often 'shown that what, after careless com¬ 
parison, were supposed ‘ to he. like states of consriotMiCM^wiLBm % 
really unlike; or that what were carelessly supposed to be unlike, 
are really like. But how is this^shown? Simply by a more 
careful comparison, mediately or immediately made. And what 
doe acceptance of the revised conclusion imply ? Simply that a 
deliberate verdict of consciousness is preferable to a rash one; or, 
to speak mote definitely—-that a consciousness of likeness or 
difference which survives critical examination must be'aocepted in 
place of one that does not survive—the very survival being itself 
A* accep tance 
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And bene wd get to tl^ bottom of the matter. TbipaRDaeM 
vfteaMdoumw of likcnw or difference) is our ultimate warrant 
for aissrting thtf existence of likeness or difference; and, in fact, 
jvemecn by the existence of bkenem or difference, nothing more than 
toe permanent consciousness of It To say that a given congruity 
or incdhgruity exists, is amply our way df saying that we invariably 
have a consciousness of it along with a consciousness pf the com¬ 
pared things.* We know nothing more of existence than continued 
manifest ation. 

$ 4& But Philosophy re quit e s for its datum some substantive 
proposition. To recognise as unquestionable a certain fundamental 
precast of thought is not enotijgh: we must recognize as unquestion¬ 
able some fundamental product of thought, reached by this process. 
If Philosophy is completely-unified knowledge—if the unification 
of knowledge js to be ^effected only by showing that some ultimate 
proposition includes and consolidates all the results of experience; 
then, clearly, this ultimate proposition which has to be proved 
congruous with all others, must express a piece of knowledge, and 
not the validity of an act of knowing. Having assumed the 
trustworthiness of consciousness, we have also to assume as trust¬ 
worthy some deliverance of consciousness. 

What must this be ? Must it not be one affirming the widest 
and most profound distinction which things present ? An ultimate 
principle that is to unify all experience, must be co-extensive with 
all experience. That which Philosophy takes as its datum, must 
be an assertion of‘some likeness and* difference to which all other 
likenesses and differences are secondary. If knowing is classifying, 
l^pnfiping the like and separating the unlike; and if the unifica¬ 
tion of knowledge furoceeds by arranging the smaller classes of 
like experiences within the larger, and these within the still 
larger; then, the propositidfi by which knowledge is unified 
must be one specifying the^uitithesis between two ultimate classes 
of experiences, in which all others mqge. 

Let us consider what these classes ase. In drawing the dis¬ 
tinction between them, we cannot void using words which have 
implications wider than their mannings—we cannot avoid arousing 
thoughts that imply the very distinction which it is the object of 
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Hie analysis to establish. Keeping this Act in mind, we can* do 
no more than ignore the connotations of the words* and attend 
only to the things they avowedly denote. 

| 4ft. Setting oat from the conclusion lately reached* that all 
things known to os are inanifest&tions of the Unknowable* and 
suppressing every hypothesis respecting that which underlies one 
or other order of these gaanifestations; we find that the manifests* 
tions* considered simply as such* age divisible into two great 
classes, called by some impressions and ideas. The implications 
of these words are apt to vitiate the reasonings of those who 
use the words; and it is best to^void the risk of making un¬ 
acknowledged assumptions. The term sensation, too* commonly 
used as the equivalent of impression* implies certain psychological 
theories—tacitly, if not openly* postulates a sensitive organism 
and something acting upon it; and can .scarcely, be employed 
without bringing these postulates into the thoughts and includ¬ 
ing them in the inferences. Similarly* the phrase state of conscious- 
ness , as signifying either an impression or an idea* is objectionable. 
As we cannot think of a state without thinking of something of 
which it is a state* and which is capable of different states, there 
is involved a foregone conclusion—an undeveloped system of 
metaphysics. Here* accepting the inevitable implication that the 
manifestations imply something manifested* our aiip must be to 
avoid any further implications. Though we cannot exclude 
further implications from o\u thoughts, and cannot carry on 
our argument without tacit recognitions of them* we can at any 
rate refuse to recognize them in the terms with which we set out. 
We may do this most effectually by classing the manifest*!!- r.« 
as vivid and faint respectively. Let us consider what are the 
several distinctions that exist between these. 

And first a few words on this most conspicuous distinction 
which these names imply. Manifestations that occur under the 
conditions called those of perception (which conditions we must 
separate from all hypotheses* and regard as themselves a certain 
■group of manifestations) are ordinarily far more distinct than 
those which occur under the conditions known as those of reflec¬ 
tion, 1 or memory* or imagination* or ideation. These vivid mani- 
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festations do,*indced, tpowtim differ but little from the front 
one*. When it is nearly cfiurk we may be unable to decide 
whether a certain manifestation belongs to the vivid order or the 
firiftt order—whether, as we say, we really see something or fancy 
we sa$., it. In like manner, betweed a very feeble sound and the 
imagination of a sound, it is occasionally difficult to discriminate. 
But these exceptional cases axe extremely rare in comparison with 
the enormodk mass of cases, in which, frop instant to instant, the 
vivid manifestations distinguish themselves unmistakeahly from 
the feint. Conversely, it now and then happens (though 

under conditions which we distinguish as abnormal) that mani¬ 
festations of the faint order become so strong as to be mistaken 
for those of the vivid order. Ideal sights and sounds are in the 
insane so much intensified as to be classed with real sights and 
sounds—ideal and areal being here supposed to imply no other 
contrast thaq that yhich we are considering. These cases of 
illusion, as we call them, bear, however, so small a ratio to the 
great mass of cases, that we may safely neglect them, and say that 
the relative faintness of manifestations of the second order is so 
marked, that we are never in doubt as to their distinctness from 
theme of the first order. Or if we recognise the exceptional 
occurrence of doubt, the recognition serves but to introduce the 
significant feet that we have other means of deciding to which 
order a particular manifestation belongs, when the test of com¬ 
parative vividness fails us. 

Manifestations of the vivid order precede, in our experience, 
those of the faint* order. To put* the facts in historical sequence 
—there is first a presented manifestation of the vivid order, fend 
thin, afterwards, may come a represented manifestation that is like 
it except in being rftuch less distinct. After having those vivid 
manifestations known as particular places and persons and things, 
we can have those feint manifestations which we call recollections 
of the places, persons, and things, hut cannot have these previously. 
Before tasting certain dibstcuices and^smelling certain perfumes, we 
axe without those faint manifestations called ideas of their tastes 
and smells ;• and where certain orde^p of the vivid manifestation* * 
ate shut out (as the visible from the blind and the audible from 
the deaf) the corresponding faint manifestations never com£ into 
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existence. It is true that speqjal hint 

precede the vivid. What we call £ conception of a machine may 
presently be followed by a vivid manifestation matching it-*-* so* 
called actual machine. But in the first place this oorautepno* of 
the vivid manifestation after the Bunt is not either spontaneous of 
easy like that of the faint after the vivid. And in the second 
place, though a faint manifestation of this kind may occur before 
the vivid one answering to it, yet its component parts may nob 
Without the foregoing vivid manifestations of wheels and bars 
and cranks, the inventor could have no faint manifestation of his 
new machine. Thus it capnot be denied that the two orders of 
manifestations are distinguished from one another as independent 
and dependent. 

Note next that they form concurrent series; or rather let us 
call them, not series, which implies linear arrangements, but 
heterogeneous streams or processions. Thqpe run side by side; 
each now broadening and now narrowing, each now threatening 
to obliterate its neighbour and now in turn threatened with 
obliteration, but neither ever quite excluding the other from 
their common channel. Let us watch the mutual actions of the 
two currents. During what we call states of activity,.the 

vivid manifestations predominate. We simultaneously receive 
many and varied presentations—a crowd of sights, sounds, 
resistances, tastes, odours, Ac.; some group of them changing 
and others temporarily fixed, but altering as we move; and when 
we compare in its breadth and massiveness this stream of vivid 
manifestations with the stream of faint ones, these last sink into 
relative insignificance. They never wholly disappear, however. 
Always along with the rivid manifestations, even in their 
obtrusiveness, there goes A thread called thoughts constituted 
of the faint manifestations. Or if it be contended that the 
occurrence of a deafening explosion or an intense pain may for 
a moment exclude every ides, it iqust yet be admitted that 
such breach of continuity can never he' immediately known as 
occurring; since the act*of {mowing is impossible in the absence 
of ideas. On the giber hand, after certain* vivid mani¬ 

festations which we call the acts of closing the eyes and adjust¬ 
ing 'ourselves so as to enfeeble the vivid manifestations called 
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pressures, sotuEds, Ac., the faint manifestations become rdatbdjr 
predominant. The current of them, no longer obscured by the 
vivid currant, gfows distinct, and seems llmoat to exclude the 
ddd'4ii)riaA But the vivid manifestations, however small the 
current of them becomes, still continue: pressure and touch do 
not wholly disappear. It is only durifljg; the state termed sleep, 
that manifestations of the vivid order cease to be distinguishable 
aa such, and* those of the feint order opine to be mistaken for 
them. And even of this ye remain unaware till manifestations 
of the vivid order recur on awaking. We can never infer that 
manifestations of the vivid order have*been absent, until they are 
again present; and can therefore never directly know them to be 
absent. Thus, of the two streams of manifestations, each 

preserves its continuity. As they flow side by side, either trenches 
on the other; blit at no moment can it be said that the one has, 
then and there, broken through the other. 

Besides this longitudinal cohesion there is a lateral cohesion, 
both of the vivid to the vivid and of the feint to the feint. The 
components of the vivid series are bound together by ties of 
co-existence as well as by ties of succession ; and theL components 
of the feint series are similarly bound together. Between the 
degrees of union in the two cases there are, however, marked and 
very significant differences. Let us observe them. Over 

a limited arga of consciousness, as we name this double stream, 
lights and shades and colours and outlines constitute a group to 
which we give a certain name distinguishing it as an ^object; and 
while they oontimie present, these* united vivid manifestations 
remain inseparable. So, too, is it with co-existing groups* of 
rss&ifeftations: each persists as a special Combination; and most 
of them preserve unchanging relations* with those around. Such 
of them as do not—such of them as are capable of what we 
call independent movements, nevertheless show us a constant 
connexion between certain. of the manifestations they include, 
along with a variable connexion of .others. And though, after 
certain vivid manifestations known as a change in the conditions 
of perceptioh, there is a change it* the proportions among the 
vivid manifestations constituting any group, their cohesion con¬ 
tinues. Turning to the feint manifestations, we see \hat 
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their letenl oohesicma are much lest ertevK ■ad' in Host mm 
by no means so rigorous. After the group of feelings 1 call closing 
my eyes, I can represent an object now standing ih a certain plane, 
aa standing in some other place, or as absent While 1 looket a 
blue vase, I cannot separate *the vivid manifestation of blueness 
from the vivid manifestation of a particular shape; but in the 
absence of these vivid manifestations, I can separate the feint 
manifestation of the shape from the*feint manifestation of blue* 
ness, and replace the last by a faint manifestation of rednen, and 
I can also change the shape and the size of the vase to any extent 
It is so throughout: then faint manifestations cling together to 
a certain extent but most of them may be re-arranged with 
facility. Indeed none of the individual feint manifestations 
cohere in the same indissoluble way as do the individual vivid 
manifestations. Though along with a feint manifestation of 
pressure there is always some faint manifestation, of extension, 
yet nq, particular feint manifestation of extension is bound up 
with a particular feint manifestation of pressure. So that 

whereas in the vivid order the individual manifestations cohere 

er 

indissolubly^ usually in large groups, in the feint order the 
individual manifestations none of them cohere indissolubly, and 
are most of them loosely aggregated: the only indissoluble 
cohesions among them being between certain of their generic 
forms. 

While the components of each current cohere strongly with 
their neighbours of the same current, most of them do not cohere 
strongly with those of the other current. Or,‘more correctly, we 
may say that the vivid current unceasingly flows on quite undis¬ 
turbed by the feint curtent; and that the feint current, ^ha&gh 
often largely determined by»the vivid, and always to some extent 
carried with it, may yet maintain a substantial independence, 
letting the vivid current slide by. We will glance at the inter¬ 
actions of the two. Save in peculiar cases hereafter to be 

dealt with, the feint manifestations fail to modify in tire slightest 
degree the vivid manifestations. Those vivid manifestations, 
which I know as components of a landscape, as surfings of the 
sea, as whistlings of the wind, as movements of vehicles and 
people, are absolutely uninfluenced by the accompanying feint . 
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manifestations* which I«know m my ideu. On the other 

head, the current of faint manifestations Is always perturbed by 
the vivid. Frequently it consists mainly *of faint manifestations 
which ding to the vivid ones, and are carried with them as they 
p ass— memories and suggestions as we call them. At other times 
when, es we say, absorbed in thouglft, the disturbance of the 
hunt current is hut superficial. Hie vivid manifestations drag 
after them *sucb few faint manifestations only as constitute 
recognitions of them: to .each impression adhere certain ideas 
which make up the interpretation of it as such or such, and 
sometimes not even this cohesion happens. But there meanwhile 
flows on a main stream of faint manifestations wholly unrelated 
to the vivid manifestations—what we call a reverie,perhaps, or 
it may be a process of reasoning. And occarionally,^during the 
state known as absence of mind, this current of faint manifesta¬ 
tions so for predominates that the vivid current scarcely affects 
it at all. Hence, these concurrent series of manifestations, 

each coherent with itself longitudinally and transversely, have 
but^a partial coherence with one another. The vivid series is 
quite unmoved by its passing neighbour; and though the faint 
series is always to some extent moved by the adjacent vivid series, 
and is often carried bodily along with the vivid series, it may 
nevertheless become in great measure separate. 

Yet another all-important difference has to he named. The 
conditions under which these two orders of manifestations occur, 
are unlike; and the conditions of Recurrence of each order belong 
to itself Whenever the immediate dhtecedcnts of vivid manifesta¬ 
tions are traceable, they prove to be*other vivid manifestations; 
and-though we cannot say that,the antecedents of the faint 
manifestations always lie wholly among themselves, yet the 
essential ones da These statements need a good deal of explana¬ 
tion. Changes among the motion^ and sounds and aspects 

of what we call objects, are either changes that follow certain other 
motions, sounds, and aspects, or changes of which the antecedents 
are unapparent Some of the vivid manifestations, however, occur 
only under Conditions that seem of another order. Those known 
as colours and visible forms presuppose open eyes. But what is 
opening of the eyes, translated into the terms we are here using P 
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litaiQj it is an occurrence of cegain vivid manifestations. The 
preliminary idea of opening the eyes does, indeed, con si s t of hint 
manifestations, but tBe act of opening them consists of vivid 
manifestations. And the like is still more obviously the case tri$ 
those movements of the eyes and the head which are followed by 
new groups of vivid manifestations. Similarly with the antecedents 
to the vivid manifestations which we distinguish as touch and 
pressure. All the changeable ones «have for their oanditioos of 
occurrence certain vivid manifestations called sensations of muscular 
tension. It is true that the conditions to these conditions are 
manifestations of the feint order—those ideas of muscular actions 
which precede muscular actions. And here arises a complication, 
for what is called the body, is present to us as a set of vivid 
manifestations connected with the faint manifestations in a special 
way—a way such that in it alone certain vivid manifestations are 
capable of being produced by faint manifestations. There must be 
named,, too, the kindred exception furnished by the emotions—an 
exception which, however, serves to enforce the general proposition. 
For while it is true that the emotions must be classed as ^jvid 
manifestations, which admit of being produced by the feint 
manifestations we call ideas ; it is also true that because the eon* 
ditions to their occurrence thus exist among the faint manifesta¬ 
tions, we regard them as belonging to the same general aggregate 
as the feint manifestations—do not class them with such other 
vivid manifestations as colours, sounds, pressures, smells, Ac. But 
omitting these peculiar vivid, manifestations which we know as 
muscular tensions and emotions, we may say of the rest, that 
their antecedents are manifestations belonging to their own 
class. In the* parallel current we find a parallel truth. 

Though many manifestations of the faint orcler are partly caused 
by manifestations of the vivid order, which call up memories, as wo 
say, and suggest inferences, yet these results mainly depend on 
certain antecedents belonging to the feint order. A cloud drifts 
across the Sun, and may or may not change the current of ideas: 
the inference that it will rain may arise, or the previous train of 
thought may continue—a difference determined by conditions 
among the thought*' Again, such power as a vivid manifestation 
has of causing certain feint manifestations depends on the pro- 
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•x&tap o e of d^tpropriste faint manifestations. If I have never 
heard a curlew, the cry which an unseen one makes, fails to produce 
an Idea of the bird. And on remembering what various trains of 
^bought are aroused by the same sight, we see that the occurrence 
of each faint manifestation chiefly depends on its relations to other 
faint manifestations that have gone befdhe or co-exist. 

Here we are introduced, lastly, to one of the most important of 
the differences between those two orders .of manifestations. The 
conditions of occurrence aqp not distinguished solely by the (set 
that each set, when identifiable, belongs to its own order of 
manifestations. They are further distinguished in a very sig¬ 
nificant way. Manifestations of the faint order have traceable 
antecedents; can be made to occur by establishing their conditions 
of occurrence; and can be suppressed by establishing other con¬ 
ditions. But manifestations of the vivid order continually occur 
without previous presentation of their antecedents; and in many 
cases they persist or cease in such ways as to show that their 

antecedents are bevond control. The sensation known as"a flash 
* 

of Jightning breaks across the current of our thoughts absolutely 
without notice. The sounds from a band that strikes up in the 
street or from a crash of china in the next room, are not connected 
with any previously-present manifestations, either of the hunt 
order or of the vivid order. Often these vivid manifestations, 
arising unexpectedly, persist in thrusting themselves across the 
current of the faint ones, which not only cannot directly affect 
them, but cannot even indirectly affect them. A wound produced 
by a blow from behind, is a vivid "manifestation the conditions of 
occurrence of which were neither among the faint nor amonjjf the 
vivid f and the conditions to the persisterre of which are bound up 
with the vivid manifestations in some unmanifested way. So that 
whereas in the faint order, the conditions of occurrence are always 
among the pre-existing or co-existing manifestations; in the vivid 
order, the conditions of occurrence are often neither present nor 
can be mack present. * . 

Let me briefly enumerate these distinctive characters. Mani¬ 
festations df the one order are vivi0 and those of the other are 
faint. Those of the one order are originals, while those of the 
other are copies. The first form with one another a heterogAieous 
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carant that is oarer broken; and (be strand alao them *ftk «P» 
another a beterograacws current that is never broken: or, t© speak 
ibietlj, no breakage of either Is ever directly kfrown., Those of 
fhe first order cohere with one another, not only longitudinally 
hat also transversely; as also* do those of the second order with 
one another. Be t ween ffianifestations of the first older the 
cohesions, both longitudinal and transverse, are indissoluble by any 
direct actum of the second order; but between manifestations of 
the second order, these cohesions are mqst of them dissoluble with 
ease. While the members of each current are so coherent f with 
one another that it cannot«be broken, the two currents, running 
side by side, have but little coherence. The conditigaf under 
which manifestations of either order occur, themselves balOTg to 
that order; but whereas in the faint order the conditions arqjt 
always present, in the vivid order they are often not present, hut 
lie somewhere outside of the series. Seven separate characters, then, 
mark off these two orders of manifestations from one another. 

§ 44. What is the meaning of this? The foregoing analysis 
was commenced in the belief that the proposition postulated by 
Philosophy, must affirm some ultimate classes of likenesses and 
unlikene ses, in which all other classes merge; and here we have 
found that all manifestations of the Unknowable are divisible into 
two such classes. What is the division equivalent to ?. 

Obviously it corresponds to the division between object and 
subject. This profoundest distinction among manifestations of 
the Unknowable we recognize by grouping them into ec\f and 
not-ielf. These faint manifestations, forming a continuous whole 
differing from the other in the quantity, quality* cohesion, and 
conditions of existence of its parts, we call "the ego; and these 
vivid manifestations, bound together in relatively- immenae manses, 
and having independent conditions of existence, we call the non-sgo. 
Or rather, more truly—each order of manifestations carries with 
it the irresistible implication of some power* that manifests itself ; 
and by the words ego and jton-ego respectively, we mean the powar 
that manifests itself in the feix£ forms, and the power thli iuuoifeits 
itself in the vivid forms. 

This Mffxcmtion of flbM ntfiii i frfftiti uui ooiliioffidi of rimtit 
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two distinct wholesp fa in gut part ^oliDeoDi, And precedes 
•V (Ubente judgments; though it Is endorsed by such judg¬ 
m e n t s when they come to be made. For* the manifestations of 
'msb'pi der have not simply that kind # of union implied by grouping 
them sabdonging to the same class, but they Live that much 
mow intimate union implied by cohesion. Thor cohmrre union 
exhibits itself before any acts of classing take place. So that, in 
troth, these \wo orders of manifestations me substantially self- 
separated and self-consolidated. The members of each, by dinging 
toomysaother and parting from their opposites, themselves form 
the United wholes known as object and subject. It is this self- 
: union of ifceir members which gives to these wholes formed of 
them, their individualities as wholes, and that separateness from 
each other which transcends judgment; and judgment merely aids 
by assigning to their respective classes, such manifestations as have 
not distinctly united themselves with the rest of their kind. 

One further perpetually-repeated act of judgment than is, 
indeed, which strengthens this fundamental antithesis, and gives a 
vast m extension to one term of it. We continually learn that 
while the conditions of occurrence of faint manifestations are always 
to be found, the conditions of occurrence of vivid manifestations are 
often not to be found. We also continually learn that vivid 
manifestations which have no perceivable antecedents among the 
vivid manifestations, are like certain preceding ones which had 
perceivable antecedents among the vivid manifestations. Junction of 
these two experiences produces tl\p irresistible belief that some 
vivid manifestations*have conditions of occurrence existing out # of 
the current or vivid manifestations—Existing as potential vivid 
manifestationscapableof becoming actual.* And so we are made 
conscious of an indefinitely-extended region of power or being, not 
merely separate from the current of hunt manifestations constitut¬ 
ing the phenomenal ego> but lying beyond the current of vivid 
manifestations constituting the immediately-present portion of the 
p henoni eraa l non-tgo. 

§ 45. In a very imperfect way, ptesing over objections and 
omitting needful explanations, 1 have thus indicated the nature 
func justification of that fundamental belief which Philosophy 
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requires as a datum. I might, indeed, aafely ha$e assuoMsd this 
ultimate truth; which Common Sense asserts, which e very step in 
Science takes for granted, and which no metaphysician ever for a 
moment succeeded in expelling from consciousness. But as alMlykt 
follows proceeds upon this postulate, it seemed desirable briefly to 
show its warrant, with the view of shutting out criticisms which 
might else he made. It seemed desirable to prove that this 
deepest cognition is neither, as the idealist asserts, an illusion, nor 
as the sceptic thinks, of doubtful worth, nor as is held by the 
natural realist, an inexplicable intuition; but that it is a legiti¬ 
mate deliverance of consciousness elaborating its materials after 
the laws of its normal action. While, in order of time, the 
establishment of this distinction precedes all reasoning; and while, 
running through our mental structure as it does, we are debarred 
from reasoning about it without taking for granted its existence; 
analysis nevertheless enables us to justify the assertion of its 
existence, by showing that it is also the outcome of § primary 
classification based on accumulated likenesses and accumulated 
differences. In other words—Reasoning, which is itself bpt a 
formation of cohesions among manifestations, here strengthens, 
by the cohesions it forms, the cohesions which it finds already 
existing. 

Before proceeding a further preliminary is needed. The mani¬ 
festations of the Unknowable, separated into the two divisions of 
self and not-self, are re-divisible into certain most general forms, 
the reality of which Science, as well as Gammon Sense, from 
mpment to moment assumes. In the chapter on ** Ultimate 
Scientific Ideas,** it was shown that we know nothing of these forms, 
considered in themselves. Ay, nevertheless^ we must continue to 
use the words signifying them, it is needful to say what interpreta¬ 
tions are to be put on these words. 



CHAPTER III 

SPACE, TIME, MATTER, MOTION, AND FORCE 

$ 46. That sceptical state of mind which the criticisms of 
Philosophy usually produce is, in great measure, caused by the 
misinterpretation, of words. These have by association acquired 
meanings quite different from those given to them in philosophical 
discusaion ; and the ordinary meanings being unavoidably suggested, 
there results more or less of that dream-like,, illusion whiah is so 
incongruous with our instinctive convictions. The word phenomenon 
and.it* equivalent word appearance , are in great part to blame for 
this. In ordinary speech these always imply visual perceptions. 
Habit almost, if not quite, disables us from thinking of appearance 
except as something seen; and though phenomenon has a more 
generalized meaning, yet we cannot rid it of associations with. 
appearance. .When, therefore. Philosophy proves that our know¬ 
ledge of the external world can be but phenomenal—when it 
concludes that the things of which are conscious are appearances; 
It inevitably suggests an illusiveness like that to which our visual 
perceptions are so liable. Good pictures show us that the aspects 
of things may be very nearly simulated* by colours on canvas. 
The looking-glass distinctly proves how deceptive is sight when 
unverified by touch; as does also the apparent bend in a straight 
stick inclined in the water. And the caseq in which we think we 
see something which we do not lee further shake our faith in 
vision. So that the implication of .uncertainty has infected the 
very word appearance. Hence, Philosophy, by giving it an ex¬ 
tended meaning, leads us to think of oil our senses as deceiving us 
in the seme way that our eyes do; and so makes us feel ounglves 
in a world of phantasms. Had phenomenon and appearance no 
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wduaMaidiflg associations, little, f if any,«of this(dental conftnfqn 
would result. Or if, when discussing the nature of our knowledge, 
we always thought of tactual impressions instead of visual Impsti* 
dons— if instead of the perceptions of objects yieldedby ourWyys 
we always insisted upon thin&ng of the perceptions yielded by our 
bands, the idea of unreality would in large measure disappear. 
"Metaphysical criticism would then have merely the effect of proving 
to us that feelings of touch and pressure prod^cecTby an object 
give us no knowledge of its nature, .at the same time that the 
criticism would by implication admit that there was a something 
which produced these feelings. It would prove to us that our 
knowledge consists simply of the effects wrought on our conscious* 
ness, and that the causes of those effects remain unknown; but it 
would not in doing this tend in any degree to disprove the existence 
of such causes: all its arguments tacitly taking them for granted. 
And when the two were always thought of in this immediate 
rdatijg), there would he little danger of falling into the insanities 
of idealism. 

Such danger as might remain, would disappear on tnakipg a 
further verbal correction. We increase the seeming unreality of 
that phenomenal existence which we can alone know, by contrast¬ 
ing it with a noumen&l existence which we imagine would, if we 
could know it, be more truly real to us. But we delude ourselves 
with a verbal fiction. What is the meaning of the word real? 

‘In the interpretation given to it, the discussions of philosophy 
retain one element of the vulgar conception of things while they 
reject the rest, and create confusion by the inconsistency. The 
peasant, on contemplating bn object, does not regard that which 
he is conscious of as something in himself, but believes it to be'the 
external object itself: to him the appearance and the reality are 
one and the same thing. The metaphysician, however, while his 
words imply belief in a a reality, sees that consciousness cannot 
embrace it, but only the appearance of it; and so he transfers the 
appearance into consciousness and leaves the reality outside. This 
reality left ootside, he ccntinues to think of much in the same way 
that the peasant thinks of the appearance. The reatness ascribed 
to it is constantly spoken of as though it were known apart from 
all acts of consciousness. It seems to be forgotten that the idea 
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afiii% an tl nothing non than some mode of consciousneas; 
and that the question to be considered is—What is the relation 
between this modfe and other modes ? 

% reality we mean persistence in consciousness: a persistence 
which is either unconditional, as ofir consciousness of space, or 
which is conditional, as our consdousnesf of a body while grasping 
it. The real, as we conceive it, is distinguished solely by the test 
of persistence; for by this test we separate it from what we call 
the unreal. Between a person standing before us and the idea of 
such a person, we discriminate by our ability to expel the idea from 
consciousness and our inability, while looking at him, to expel the 
person from consciousness. And when in doubt as to the trust¬ 
worthiness of some impression made on our eyes in the dusk, we 
settle the matter by observing whether the impression persists on 
closer inspection; aifB we predicate reality if the persistence is 
complete. « How truly persistence is what we mean by 
reality, is shown in the fact that, after criticism has provej^ that 
the real as presented in perception is not the objectively real, 
the vague consciousness which we retain of the objectively real, is 
of something which persists absolutely, under all changes of mode, 
form, or appearance. And the fact that we cannot form even an 
indefinite notion of the absolutely real, except as the absolutely 
persistent, implies that persistence is our ultimate test of the real 
whether as existing under its unknown form or under the form 
known to us. 

Consequently, the result must be the same to us whether that 
which we perceive He the Unknowable* itself, or an effect invariably 
wrought on us by the Unknowable. *If, under certain conditions 
furfiishdd by our constitutions, some. Powef of which the nature is 
beyondconception, always produces a certain mode of consciousness 
—if this mode of consciousness is as persistent as would be this 
Power were it in consciousness; the reality^will be to consciousness 
as complete in the one case as in the other. Were Unconditioned 
Being itself present in thought, it coqjd but be persistent; and if, 
ins tead , there is Being conditioned by the forms of thought, but 
no less persistent, it must be to us no k» real. 

Hence there may be drawn these conclusions:—First, that we 
; have an indefin ite consciousness of an absolute reality transcending 
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relations, wUdb Is produced by the absolute pmMSBM In as of 
something which survives all changes of relation. Second, that we 
havaji definite consciousness of relative reality, dhich unceasingly 
persists in us under one or other of its forms, and under each form so 
long as the conditions of p&sentation me fulfilled; and that t£e 
relative reality, being thu#continuously persistent in us, is as real to 
us as would be the absolute reality could it be immediately known. 
Third, that thought being possible only under relatidh, this relative 
reality can be conceived as such only ip connexion with aq absolute 
reality; and the connexion between the two being absolutely 
persistent in our consciousness, is real in the same sense as the terms 
it unites are real. 

Thus then we may resume, with entire confidence, those realistic 
conce p tions which Philosophy at first sight seems to dissipate. 
Though reality under the forms of our consciousness is but a 
conditioned effect of the absolute reality, yet this conditioned effect 
standing in indissoluble relation with its unconditioned cause, and 
being equally persistent with it so long as the conditions persist, is, 
to the consciousness supplying those conditions, equally real. Much 
as our visual perceptions, though merely symbols found to be the 
equivalents of tactual perceptions, are yet so identified with those 
tactual perceptions that we appear actually to see the solidity and 
hardness which we do but infer, and thus conceive as solid objects 
what are only the signs of solid objects; so, on a higher stage, do we 
deal with these relative realities as though they were the actual 
instead of effects of the actual existences. And we may 
legitimately continue so to deal with them as long as the conclu¬ 
sions to which they help as are understood as relatives and not 
absolute. 

This general conclusion it now remains to interpret specifically, 
in its application to each of our ultimate scientific ideas. 

$ 47.* We think in relations. We have seen (Chap, iii. Part I) 
tin# ultimate modes of be|pg cannot b^ known or conceived as 
they «k|,in themselves that is, out of relation to our conscious* 

* For fi#^fdbotogksl ooneTdaioas briefly set forth is dristsatien and ths 
&% MrfllfiT following it, the jnstiflestion will be found fit ths writer's 
ftfiaeigiie, 
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mm. We Mm, bp analysing the^product of thought, the* 
it always consists of relation*, and cannot include anything deeper 
than the most‘general of these. On analyzing the process of 
thought, we found that cognition of the Absolute is impossible, 
b ecause it presents neither relation W its elements—-difference 
and likeness. And lastly, it was shcArn that though by the 
relativity of our thought we are eternally debarred from knowing 
or conceiving ‘Absolute Being; yet that this very relativity of our 
thought, jpjceasitates that vague consciousness of Absolute Being 
which no mental effort can suppress. That relation is the universal 
form of thought is thus a truth which all kinds of demonstration 
unite in proving. 

By the tmnscendentalists, certain other elements of consciousness 
are regarded as fqrms of thought, or more strictly of intuition, 
which is the ultima® component of thought While relation 
would of necessity be admitted by them to be a universal mental 
form, they would class with it two others as also universal. ^Vere 
their doctrine otherwise tenable, however, it must still be rejected 
if such alleged further forms are interpretable as generated by the 
primary form. If we think in relations, and if relations have 
certain universal forms, it is manifest that such universal forms 
of relations will become universal forms of consciousness. And 
if these further universal forms are thus explicable, it is super¬ 
fluous, and therefore unphilosophical, to assign them an inde¬ 
pendent origin. Now relations are of two orders— 

relations of sequence, and relations of co-existence; of which 
the one is original* and the other "derived. The relation of 
sequence is given in every change of consciousness. The relation 
of cO-exifctence, which cannot be originally given in a consciousness 
of which the states ar£ serial, becomes distinguished only when it 
is found that certain relations of sequence have their terms pre¬ 
sented in consciousness in either order wit^ equal facility; while 
the others are presented only in one order. Relations of which 
the terms are not reversible, become recqgnized as sequences proper; 
while relations of which the terms occur* indifferently in both 
directions, bAonte recognised as co-existences. Endless ex¬ 
periences, which from moment to moment present both otdengjjaf 
these relations, render the distinction between them perfectly 
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definite; and at the saint time generate* an absttact conception 
of each. The abstract of all sequences is Time. The abstract of 
all co-existences is Space. From the fact that *Sl\ thought. Time 
is inseparable from sequence, and Space from co-existence, do 
not here infer that Time antf Space are original forms of conscious¬ 
ness under which sequences and co-existences are known; but we 
infer that our conceptions of Time and Space are generated, as 
other abstracts are generated from other concretes: the only 
difference being that the organization of ex[K'rieneug has, in 
these cases, been going on throughout the entire evolution of 
intelligence. r 

This synthesis is confirmed by analysis. Our consciousness of 
Space is a consciousness of co-existent positions. A portion of 
space can be conceived only by representing its limits as co-existing 
in certain relative positions; and each of itemmgincd Ixiundaries, 
be it line or plane, can be thought of in no other wav than as 
made up of co-existent 'positions in close proximity. And since 
a position is not an entity —since the congeries of positions which 
constitute any conceived jiortion of space, and mark its bounds, are 
not sensible existences; it follow.-, that the co-existent (lositions 
which make up our consciousness of Space, an* not co-existences 
in the full sense of the word (which implies n*alities a> their 
terms), but are the blank forms of co existences, left behind 
when the realities are absent ; that is, an* the abstracts of co¬ 
existences. The experiences out of which, during the evolu¬ 

tion of intelligence, this abstract of all co-existences lias been 
generated, are experiences ftf individual -positions ascertained by 
touch; and each of such experiences involves the resistance of an 
object touched, and the muscular tensions which measure tliis 
resistance. By countless unlike muscular adjustments, involving 
unlike muscular tensions, different resisting positions are disclosed; 
and these, as they can be experienced in one order as readily as 
another, we regard as co-existing. But since, under other circum¬ 
stances, the same muscular, adjustments *do not produce contacts 
with resisting positions, there result the same states of conscious¬ 
ness minus the resistance* — blank forms of co-existence from 
which the co-existent objects before experienced arc absent. And 
from a building up of these, too elaborate to lie here detailed. 
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results that abstract of qJU relations of <fb-existence which we call 
Space. It remains only to point out, as a truth hereafter 

to be recalled, that the experiences from which the consciousness 
of Space arises, are experiences of force. A plexus of muscular 
fofces we ourselves exercise constitutes the index of each position 
as originally disclosed to us; and the resistance which makes us 
aware of something existing in that position, is an equivalent of 
the pressure we consciously $xert. Thus, experiences of forces 
variously correlated, are theme from which our consciousness of 
Space is abstracted. 

Our Space-consciousness being thus sljown to be purely relative, 
what are we to say of that which causes it ? Is there an absolute 
Space which relative Space in some sort represents? Is Space in 
itself a form or condition of absolute existence, producing in our 
minds a correspondij^t form or condition of relative existence? 
These are unanswerable questions. Our conception of Space is 
produced by some mode of the Unknowable; and the complete 
unchangeableness cf our conception of it simply implies a complete 
uniformity in the effects wrought by this mode of the Unknowable 
upon’us. But therefore to call it a necessary mode of the Un¬ 
knowable is illegitimate. All we can assert is that Space is a 
relative reality; that our consciousness of this unchanging relative 
reality implies an absolute reality equally unchanging in so far as 
we are concerned; and that the relative reality mav be unhesitat¬ 
ingly accepted in thought as a valid basis for our reasonings; 
which, when rightly carried on, will bring us to truths that have 
a like relative reali iy—the only trifths which concern us or can 
possibly be known to us. 

Concerning Time, relative and absolute, a parallel argument 
leads to parallel conclusions. These are too obvious to need 
specifying in detail. 

$ 48. Our conception of Matter, seduced* to its simplest shape, 
is that of co-existent positions that offer resistance; as contrasted 
with our conception of Sjmce, in which tjie co-existent positions 
offer no resistance. We think of Body as bounded by surfaces 
that mist, and as made up throughout of parts that resist. 
Mentally abstract the co-existent resistances, and the consciousness 

-■ A 
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of Body disappears, leaving behind it tty* consciousness of Space. 
And since the group of co-existing resistant positions gives us, 
impressions of resistance whether we touch its nfcsjr, its remote, its 
right, or its left side; it results that as different muscular adjust¬ 
ments indicate different eo-txistences, we are obliged to conceive 
every portion of matter aas containing more than one resistant 
position—that is, as occupying Space. Hence the necessity we are 
under of representing to ourselves thp ultimate elem&its of Matter 
as being at once extended and resistant: this being the universal 
form of bur sensible experiences of Matter, becomes the form which 
our conception of it cam^pt transcend, however minute the frag¬ 
ments which imaginary subdivisions produce. Of these two 

inseparable elements, the resistance is primary and the extension 
secondary. Occupied extension, or Body, being distinguished in 
consciousness from unoccupied extension, or pice, by its resistance, 
this attribute must clearly have precedency in the, genesis of the 
idea. If, as was argued in the lost section, the experiences, 
mainly ancestral, from which our consciousness of Spice is ab¬ 
stracted, can be received only through impressions of resistance 
made on the organism; the implication is, that experiences of 
resistance being those from which the conception of Spa^e is 
generated, the resistance-attribute of Matter must be regarded as 
primordial and the space-attribute as derivative. Whence it 

becomes clear that our experiences of force , are those out of which 
the idea of Matter is built. Matter as opposing our muscular 
energies, being immediately present to consciousness in terms of 
force; and its occupancy of •'■‘pace being k^iovOi by an abstract of 
experiences originally givemin terms of force; it follows that forces, 
standing in certain correlations, form the whole content of*our 
idea of Matter. 

Such being our cognition of the relative reality, what are we to 
say of the absolute reality ? We can only say tliat it is some mode 
of the Unknowable, related to the Matter we know as cause to 
effect. The relativity of our cognition of*Matter is shown alike by 
the above analysis, ancj by the contradictions which are evolved 
when we deal with the cognition as an absolute one •<§ 16 ). But, 
as we have lately seen, though known to us only under relation. 
Mart ter is as real, in the true sense of that word, as it would he 
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could we know* it out«of relation; afld further, the relative 
reality which we know as Matter, is necessarily represented to the 
mind as standing^ m a persistent or real relation to the absolute 
reality. We may therefore clcljver ourselves over, without 

hesitation, to theme terms of thought which experience has organ¬ 
ised in us. We need not in our physical, chemical, or other re¬ 
searches, refrain from dealing with Matter as marie up of extended 
and resistant atoms; for this (^inception, necessarily resulting from 
our experiences of Matter, is siot less legitimate than the- concep¬ 
tion of aggregate masses as extended and resistant. The atomic 
hypothesis, and the kindred hypothesis of an all-pervading ether 
consisting of units are simply developments of those universal 
forms which the actions of the Unknowable have wrought in us. 
The conclusions logicalW worker! out by their aid are sure to be in 
harmony with all others which these same forms involve, and will 
have a relative truth that is equally complete. 

§ 49. The conception of Motion, as presented or represented in 
the dgvclojied consciousness, involves the conceptions of Space, of 
Time, and of Matter. A something perceived ; a series of positions 
occupied by it in succession; mid a group of co-existent positions 
united in thought with the successive ones—these are the con¬ 
stituents of the idea And since, as we have seen, these are 
severally elaborated from exjicrtciices of force as given in certain 
correlations it follows that from a further synthesis of such 
experiences, the idea of Motion is also,elaborated. A certain other 
(dement in the idea, which is in trufh its fundamental element 
(namely, the necessity which the moving body is under to go on 
changing its positionX results immediately*from the earliest ex¬ 
periences of force. Movements of different parts of the organism 
in relation to one another, are the first presented in consciousness. 
These, produced by the actions of the muscles, entail reactions on 
consciousness in the shape^of sensations of muscular tension. Con¬ 
sequently, each stretching-out or drawing-in of a limb, is originally 
known as a series of muscular tensions, varying as the position of 
the limb chants. And this rudimentary consciousness of Motion, 
consisting of serial impressions of force, becomes inseparably united 
with the consciousnesses of Space and Time as fast as these are 



18 * TH& KNOWABLE 

abstracted from other im|!ression$ ff ford, Or rather, out of this 
primitive conception ^ of Motion, the adult conception of it is 
developed simultaneously (with the development*of the concep¬ 
tions of Space and Time: a|J three being evolved from the tngxe 
multiplied and varied impressions of muscular tension and 
objective resistance. 

That this relative reality answers to some absolu^ reality, it is 
needful only for form's sake to assert! What has been said above, 
respecting the Unknown Cause which produces in us the effects 
called Matter, Space, and Time, will apply, on simply changing 
the terms, to Motion. 

|| 50, 51. We come down, then, finally to Force, as the 
ultimate of ultim&tes. Though Space, Tiirji, Matter, and Motion, 
are apparently all necessary data of intelligent, yet a psychological 
analysis (here indicated only in rude outlirtfc) shows us Uiat these 
are -either built up of, or abstracted from, experiences *of Force. 
Matter and Motion as we know them are concretes built up from 
the contents of various mental relations ; while Space and Time are 
abstracts of the forma of these various relations. Deeper down 
than these, however, are the primordial experiences of Force A 
single impression of force is manifestly receivable by a sentient 
being devoid of mental forms. Grant but sensibility, with no 
established power of thought, and a force producing some nervous 
change, will still be presentable at the supposed seat of sensation. 
Though no single impress op of force so received, could itself 
produce a consciousness (which implies relations between different 
states), yet a multiplication of such impressions, differing, in kind 
and degree, would give the. materials for, the establishment of 
relations, that is, of thought And if such relations differed in 
their forms as well as in their contents, the impressions of such 
forms would be organised simultaneously with the impressions they 
contained. It needs but to remember that consciousness consists 
of changes, to see that the a ultimate datum of consciousness must 
be that of which change is the manifestation; and that thus the 
force by which we ourselvetf produce changes, and wVieh serves to 
sytpbolize the cause of changes in general, is the final disclosure 
of analysis. 



space, time. Matter, motion*, ani> force 

That thin utidecompcuble jpode of/consciousness, into which 
all other modes may be decomposed, cannot be itself the Power 
manifested to 4i through pfeenomem^ haf been already proved 
(| W). We saw that to assume identity of nature between the 
cause of changes as it exists absolutely, and that cause of change of 
which we are conscious in our own muscular efforts, betrays us into 
alternate imjxmibilities of thought Force, as we know it, can be 
regarded only as a conditional effect of the Unconditioned Cause 
—as the relative reality indicating to us an Absolute Reality by 
which it is immediately produced. 



CHAPTER IV 


THE INDESTRUCTIBILITY OF MATTER 

X 

§ 52. Nor because the truth is unfamiliar, is it needful here to 
assert the indestructibility of Matter; hut partly because the 
symmetry of our argument demands enunciation of this truth, and 
partly because the evidence on which it is accepted must be 
examined. Could it lie shown, or could it with reason be supposed, 
that^Matter, either in its aggregates or in its units, ever becomes 
non-existent, it would be needful cither to ascertain under what 
conditions it becomes non-existent, or else to confess that Science 
and Philosophy are impossible. For if, instead of having to deal 
with fixed quantities and weights, we had to deal with quantities 
and weights which are apt, wholly or in part, to be annihilated, 
there would be introduced an incalculable clement, fatal to all 
positive conclusions. Clearly, therefore, the proposition that 
matter is indestructible must be deliberately considered. 

So far from being admitted fis a self-evident truth, this would, 
in primitive times, have Wen rejected 4s a self-evident error. 
Tlfere was once universally current a notion that things could 
Vanish into nothing, oV arise, out of nothing. If men did not 
believe this in the strict seme of the word (which would imply that 
the process of creation or annihilation was clearly represented in 
consciousness), they sti(J believed that they believed it; and how 
nearly^ in their confused thoughts, the ong was equivalent to the 
other, is shown by their conduct. Nor, indeed, have dark ages 
and Inferior minds alone betrayed this belief. In its dogmas 
respecting the beginning andkend of the world, the current theology 
clearly implies it; and it may be questioned whether Shakespeare, 
in his poetical anticipation of a time when all things shall 
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disappear and leave nflt a wpick behAid,” was not under its 
Influence. The accumulation of Experiences, however, and 

still more the organization of experience, has slow ly reversed this 
conviction. All apparent proofs that something can come out of 
nothing a wider knowledge has one by one cancelled. The comet 
which is suddenly discovered and nightly waxes larger is proved 
not to be a neyly-created body, but a body which was until lately 
beyond the range of vision. The cloud formed a few minutes ago 
in the sky consists not of substance that has just begun to be, but 
of substance that previously existed in a transparent form. And 
similarly with a crystal or a precipitate in relation to the fluid 
depositing it. Conversely, the seeming annihilations of matter 
turn out to be only changes of state. It is found that the 
evafKirated water, though it has become invisible, may be brought 
bv condensation to its original shape. Though from a discharged 
fowling-piece the gunpowder has disappeared, there have appeared 
in place of it certain gases which, in assuming a larger volume, 
have caused the explosion. Not, however, until the rise of 

quantitative chemistry, could the conclusion suggested by such 
experiences be harmonized with all the facts. When, having 
ascertained not onlv the combinations formed bv various sub- 

a * 

stances hut also the proportions in which they combine, chemists 
were enabled to account for the matter that had made its 
ap|H*arance or become invisible, scepticism was dissipated. And 
of the general conclusion thus reached, the exact analyses daily 
made, by which thy same portion yf matter is pursued through 
numerous disguises on A finally separated, furnish never-ceasing 
coqfirm^t ions, 

Such has become t^e efleet of this specific evidence, joined to 
that general evidence which the continued existence of familiar 
objects gives us, tlmt the Indestructibility of Matter is now held 
by many to be a truth of which the negation is inconceivable. 

| 53. This last fact raises the question whether we have any 
higher warrant for this fundamental belief than the warrant of 
conscious induction. Before showing that we have a higher 
warrant, some explanations are needful. 

The consciousness of logical necessity, is the consciousness that a 
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certain conclusion is implicitly«contained in certain premises 
explicitly stated. If, # contrasting a young child .and an adult, we 
see that this consciousncsspf logical necessity, absent front the one 
is present in the other, we age taught that there is a grorctng*ujk to 
the recognition of certain necessary truths, merely by the unfolding 
of the inherited intellectual forms and faculties. 

To state the case more specifically:—Before a trut|t can be known 
as necessary, two conditions must Be fulfilled. There must be a 
mental structure capable of grasping the terms of the proposition 
and the relation alleged between them; and there must be such 
definite and deliberate nfental representation of these terms, as 
makes possible a clear consciousness of this relation. Non-fulfilment 
of either condition may cause non-recognition of the necessity of 
the truth. Let us take cases. 

The savage who cannot count tire fingers on one hand, can frame 
no definite thought answering to the statement that 7 and 5 are 
12 ;»still less can he frame the consciousness that no other total is 
possible. 

The boy adding up figures inattentively, says to himself that 7 
and 5 are 11; and may repeatedly bring out a wrong result by 
repeatedly making this error. 

Neither the non-recognition of the truth that 7 ami 5 arc* 12, 
which in the savage results from undeveloped mental structure, nor 
the assertion, due to the boy's careless mental action, that they 
make 11, leads us to doubt the necessity of the relation between 
these two separately-existing;, numbers and tjie sum they make 
when existing together. Nor does failifre from either cause to 
apprehend the necessity of this relation, make us hesitatf to. say 
that when its terms are distinctly represented in thought, its 
necessity will be seen ; and that, apart from multiplied experiences, 
this necessity becomes cognizable when structures and functions are 
so far developed that groups of 7 and 5 and 12 can be mentally 
grasped. 

Manifestly, then, there are recognitions of necessary truths, as 
such, which accompany toiental evolution. And there are ascending 
gradations In these recognitions. A boy who has intelligence 
enough to see that things which are equal to the same thing are 
equal to one another, may be unable to see that ratios which are: 
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severally equal to certain otfcer ratidS that are unequal to each 
other* are themselves unequal; thougl to a more developed mind 
this last axiom is no less obviously ri? Jessary than the first 

•All this which holds of logical ana mathematical truths* holds, 
with change of terms, of physical truths. There are necessary 
truths in Physics for the apprehension of which, also, a developed 
and disciplined intelligence is required; and before such intelligence 
arises, not only may there bfe failure to apprehend the necessity of 
them, but there may be vague beliefs in their contraries. Up to 
comparatively recent times, all mankind were in this state of 
incapacity respecting physical axiom#; and the mass of mankind 
are so still. Effects are expected without causes of fit kinds; or 
effects extremely disprnjmrtionatc to causes are looked lor; or causes 
are supposed to end w ithout effects.* But though many are unable 
to grasp physical axioms, it no more follows that physical axioms 
are not knowuhh* a priori by a developed intellect, than it follows 
that logical relations are not necessary, because undeveloped 
intellects cannot perceive their necessity. 

it is thus with the notions which have been current respecting 
the creation ami annihilation of Matter. In the first place, there 
Iwk been a confounding of two radically-different things—dis¬ 
appearance of Matter from a visible form, say by evaporation,and 
jja-Hsage of Matter from existence into non-existence. Until this con¬ 
fusion is avoided, the belief that Matter can be annihilated readily 
obtains currency. In the second place, the currency of it continues 
so long as there is not jmwer qf introspection enough to make 
manifest wlmt results from the attempt to annihilate Matter in 
thought But when the vague ideas arising in a nervous structure 
imperfectly organized, are replaced by the clear ideas arising in a 
definite nervous structure; this definite structure, moulded by 
experience into correspondence with external things, makes necessary 

# I knew a lady, who contended that^ dress folded up tightly weighed more 
than when loosely folded up ; and who, under this belief, h*d her trunks made 
large that she might diminish the charge for freyght 1 Another, whom I know, 
ascribes the feeling of lightness which accompanies vigour, to actual decrease of 
weight.; believes that by stepping gently, she can press less upon the ground ; 
and, when cross-questioned, asserts that, if placed in scales, she can make Jierself 
lighter by an act of will I 
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In thought the relations Answering to dhiformities in tilings. 
Hence, among others, Jthe Conception of the Indestructibility of 
Matter. 

, For self-analysis shows thijj to be a datum of consdousnAs. 
Conceive space to be clearet^ of all bodies save one. Now imagine 
the remaining one not to be removed from its place, but to lapse 
into nothing while standing in that place. You fail. # The space 
which was solid you cannot conceivb becoming empty, save by 
transfer of that which made it solid. What is termed the ultimate 
incompressibility of Matter is an admiLted law of thought. 
However small the bulk to*which we conceive a piece of matter 
reduced, it is impossible to conceive it reduced into nothing. 
While we can represent to ourselves its parts as approximated, 
we cannot represent to ourselves the quantity of matter as made 
less. To do this would lx* to imagine some of the parts compressed 
into nothing, which is no more possible titan to iftmginc com¬ 
pression of the whole into nothing. Our inability to 

conceive Matter becoming non-existent, is consequent on the nature 
of thought. Thought consists in the establishment of relations. 
There can be no relation established, and therefore no thought 
framed, when one of the related terms is Absent from con¬ 
sciousness. Hence it is impossible to think of something becoming 
nothing, for the same reason that it is impossible to think of 
nothing becoming something—the reason, namely, that nothing 
cannot become an object of consciousness. The annihilation of 
Matter is unthinkable for the same reason that the creation of 
Matter is unthinkable. 

• * 

It must be added that no experimental verification of the.trutji 

that Matter is indestructible, is possible.without a tacit assumption 
of it. For all such verification implies weighing, and weighing 
assumes that the matter forming the weight remains the same. 

. § 54. And here we are Introduced to« that which it most 
concerns us to observe—the nature of the perceptions by which 
the permanence of Matter*is perpetually illustrated. Ttyese percep¬ 
tions under all their forms* simply reveal this—that the force 
which a given quantity of matter embodies remains always the some 
under the same conditions. A toy, which long unseen produces in 
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os ft set of visual and tJctu&l feelings life those produced in child¬ 
hood, is recognised as the same because*! t hjts the power of affecting 
us in the sarile ways. The downwarji strain of some sovereigns, 
yhlch the bank-clerk weighs to save ^imself the trouble of counting, 
proves the special amount of a apeciaj kind of Matter; and the 
goldsmith uses the same test when the shape of the Matter has 
been changed by a workman. So, too, with special properties. 
Whether a certain crystal is or is not diamond is decided by its 
resistance to abrasion and the degree to which it bends light out of 
its course. And so the chemist when a piece of substance lately 
visible and tangible has been reduced td an invisible, intangible gas, 
but has the same weight, or when the quantity of a certain element 
is inferred from its ability to neutralize a given quantity of some 
other element, he refers to the amount of action which the Matter 
exercises as his measure of the amount of Matter. 

Thus, therf, by the*Indestructibility of Matter, we really mean 
the indestructibility of the force with which Matter affects us. -»And 
this truth is made manifest not only by analysis of the d posteriori 
cognition, but equally so by analysis of the a priori one.* 

* Lest hr should not have olwerved it, the reader must be warned that the 
term* “ & priori truth 0 and “ necessary truth,* as used in this work, are to be 
interpreted not in the old sense, as implying cognitions wholly independent of 
exj'erioncea, but as implying cognition* that have been rendered organic by 
immense accumulations <>f experiences, received partly by the individual, but 
mainly by all ancestral individual* whose nervous systems he inherits. On 
referring to the Prinriylu of PtyrhtJogtf (§{5 42(1-433), it will be seen that the 
warrant alleged for oi*> of yhese irreversible ultimate convictions is that, on the 
hvjH>ihe|t 8 of Evolution, it represents an njimeasurablv-greater accumulation 
uf^expcjiences than can be acquired by any single ^individual. 
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THE CONTINUITY OF MOTION 

§ 55. Like the Indestructibility of Matter, the Continuity of 
Motion, or, more strictly, of that something which has Motion for 
one of its sensible forms, is a truth on which depends the possibility 
of exact Science, and therefore of a Philosophy which unifies the 
results of exact Science. Motions, visible and invisible, of masses 
andjpf molecules, form the larger half of the phenomena to he 
interpreted; and if such motions might either proceed from 
nothing or lapse into nothing, there could be no scientific inter¬ 
pretation of them. 

This second fundamental truth, like the first, is not self-evident 
to primitive men nor to the uncultured among ourselves. Contrari¬ 
wise, to uninstructed minds the opposite seems self-evident. The 
facts that a stone thrown up soon loses its ascending motion, 
and that after the blow its fall gives to the Earth, it remains 
quiescent, apparently prove that the principle of activity * which the 
stone manifested may disappear absolutely* Accepting the dicta 
of hnaided perception, all* men once believed, and most'believe 
still, that motion can pass into nothing, and ordinarily does *so 
pass. But the establishment of certain*facts having opposite 

implications, led to inquiries which have proved these appearances 
to be illusive. The discovery that the celestial motions do not 
diminish, reused the suspicion that a moving body, when not 
Interfered with, will go on for ever without change of velocity; 
and suggested the question whether bodies which lose their 
motion, do not at the same time communicate as mu2h motion to 

* throughout this chapter I use this phrase, not with any metaphysical 
reining, but merely to avoid foregone conclusions. 
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other bodies. * li was# a familiar fact that a stone would glide 
further over a smooth surface, as thatjof ice, presenting no small 
objects to whkft it could part with ip mfttion by collision, than 
flvtr a surface strewn with such small objects; and that a stick 
hurled into the air would travel a* far greater distance than if 
hurled into a dense medium like w£ter. Thus the primitive 
notion that moving bodies have an inherent tendency to stop—a 
notion whicfi the Greeks did not get rid of, and which lasted till 
the time of Galileo—began to give way. It was further shaken 
by such experiments as those of Hooke, which proved that a top 
spins the longer in proportion as it is prevented from communicat¬ 
ing motion to surrounding matter. 

To explain here all disappearances of visible motions is out of 


the question. It must suffice to state, generally, that the molar 
motion which disappears when a bell is struck by its clapper, re¬ 
appears in the talk's vibrations and in the waves of air they 
produce;; that when a moving mass is stopped by coming against 
a mass that is immovable, the motion which does not show itself * 


in found shows itself in molecular motion; and that when bodies 


vub against one another, the motion lost by friction is gained in 
the motion of molecules. But one aspect of this general truth, 
as it is displayed in the motions of masses, we must carefully 
contemplate; for, otherwise, the doctrine of the Continuity of 
Motion will be misapprehended. 


| 56. As expressed by Newton^ the first law of motion is that 
** every body must persevere in 'it* state of rest, or of uniform 
motion in a straight fine, unless it*be compelled to change*that 
sUtelby forces impressed upon it” 

With this truth may be associated the truth that a body describ¬ 
ing a circular orbit round a centre wluch detains it by a tractive 
force, moves in that orbit with undiminished velocity. 

The first of these abstract trullfs is never realised in the concrete, 
and the second of them is but approximately realized. Uniform 
motion in a straight line implies the absence of a resisting medium; 
and it furfber implies the absence qf forces, gr&vitative or other, 
exercised by neighbouring masses: conditions never fulfilled. So, 
too, the maintenance of a circular orbit by any celestial body, im- 
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adjustment bdw«n it* verity and the fwrttv# for« of it# 
primary : neither mjuij^me* ever bring conformedW In actual 
orbits, sensible elliptical as Uwy are, the velocity is sensibly variable. 
And along with great eccentricity there goes great variation. 

With the case of those celestial bodies which, moving in eccentric 
orbits, display at one time little motion and at another much 
motion, may be associated as partially analogous the*case of the 
pendulum. With speed now increasing and now decreasing, the 
pendulum alternates between extremes at which motion ceases. 

How shall we so conceive*these allied phenomena as to express 
rightly the truth common to them ? The first law of motion, no¬ 
where literally fulfilled, is yet, in a sense, implied by these facts 
which seem at variance with it. Though in, a circular orbit the 
direction of the motion is continually lx*ing changed, yet the 
velocity remains unchanged. 1'hough in an elliptical orbit there 
is now acceleration and now retardation, yet the average speeri is 
constSht through successive revolutions. Though the pendulum 
comes to a momentary rest at the end of each swing, ami then 
begins a reverse motion, yet the oscillation, considered as a whole, 
is continuous: friction and atmospheric resistance being absent, 
this alternation of states would go on for ever. 

What, then, do these cases show us in common ? That which 
vision familiarizes us with in Motion, and that which has thus been 
made the dominant element in our conception of Motion, is not 
the element of which we can allege continuity. If we regard 
Motion simply as change of jriace, then tha pendulum shows us 
both«that the rate of this change may vary from instant to ii&tant, 

' and that, ceasing at intemils, it may be afresh initiated. 

But if what we may call the ‘translation-cl<?ment in Motion is 
not continuous, what is continuous ? If, like Galileo, we watch a 
swinging chandelier, and observe, not the isoebronism of its 
oscillations but the recurring reversal of direction, we are im¬ 
pressed with the fact that though, at the end of each swing, the 
translation through space ceases, yet there is something which does 
not cease; for the translation recommences in th<! opposite 
direction. And on remembering that when a violent push was 
given *to the chandelier it described a larger arc, and was a longer 
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time before the resistqpce of the air brought it to rest, we are 
shown that what continues tif exist dftring its alternating move¬ 
ments is som%^correlative of the musAlar*effort which put it in 
metion. The truth forced on our attention is that translation 
through spice is not itself an existent*; and that hence the cessation 
of Motion, considered simply as translation, is not tlie cessation of 
an existence, hut is the cessation of a certain sign of an existence. 

Still theft remains a difficulty. If that element in the 
chandelier's motion of whigh alone we can allege continuity, is the 
correlative of the muscular effort which moved the chandelier, 
wliat becomes of this element at either extreme of the oscillation ? 
Arrest the chandelier in the middle of its swing, and it gives a 
blow to the hand—exhibits some principle of activity such as 
muscular effort can give. _ But touch it at either turning point 
and it displays no such principle of activity. This has dis¬ 
appeared just as mut;h as the translation through space lias dis¬ 
appeared. How, then, can it be alleged that though the Motion 
through spice is not continuous, the principle of activity implied 

bv the Motion is continuous? 

* 

L {(questionably the facts show thAt the principle of activity 
continues to exist under some form. When not |>crceptible it must 
be latent. How is it latent ? A clue to the answer is gained on 
observing that though the chandelier when seized at the turning 
point of its swing, gives no ini {met in the direction of its late 
movement, it forthwith 1 logins to pull in the opposite direction; 
and on observing, further, that its pull is great when the swing has 
lieen made extensive by a violent puli. Hence the loss of visible 
activity at the highest point of the upward motion, is accompanied 
by the'production of an invisible activity *vhich generates the sub¬ 
sequent motion downwards. To conceive this latent activity 
gained as an existence equal to the preeeptible activity lost is not 
easy; but we may help ourselves so to conceive it by considering 
cases of another class. 

| 57. When one who pushes against a «Joor that has stuck fast, 
produces by great effort no motion} but eventually by a little 
greater effort bursts the door open, swinging it back and tumbling 
headlong into the room, he has evidence tliat the first muscular 
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strain which did not produce transfer of matter through space, was 
yet equivalent to a certain amount 8f such transfer. Again, when 
a railway-porter gradually slops, a detached carriage Jby pulling at 
the buffer, he shows us th$l (supposing friction, dec., absent) (he 
slowly-diminished motion of the carriage over a certain space, lit 
the equivalent of the constant backward strain put upon the 
carriage while it is travelling through that space. Carrying with 
us the conception thus reached, we will now consider u case which 
makes it more definite. 

When used as a plaything, a l»all fastened to the end of an 
india-rubber string yields a clear idea of the correlation between 
perceptible activity and latent activity. If, retaining one end of 
the string, a boy throws the ball from him horizontally, its motion 
is resisted by the increasing strain on the string; and the string, 
stretched more and more as the ball recedes, presently brings it to 
rest. Where now exists the principle of activity which the moving 
ball displayed ? It exists in the strained thread of india-mblwr. 
UndSr what form of changed molecular state it exists we need not 
ask. It suffices that the string is the seat of a tension generated 
by the motion of the ball, and equivalent to it When the trnll 
has been arrested the stretched string begins to generate in it an 
opposite motion, and continues to accelerate that motion until the 
ball pomes hack to the point at which the stretching of the string 
commenced—a point at which, but for loss by atmospheric resist¬ 
ance and molecular redistribution, its velocity would be equal to 
the original velocity. Here the truth that the principle of 
activity, alternating between r isible and invisible modes, does not 
cease to exist when the translation through space ceases to exist, is 
readily comprehensible and it becomes easy to understand the 
corollary that at each point in ihe path of the ball, the quantity 
of its perceptible activity, plus the quantity which is latent in the 
stretched string, yields a constant sum. 

Aided by this illustration^, we can vaguely conceive what 
happens between bodies connected, not by a stretched string, but 
by a traction exercised by an invisible agency. It matters not to 
our general conception that the intensity of this traction varies in 
a different manner: decreasing as the square of the distance 
increases, but being practically constant for terrestrial distances 
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Notwithstanding these difference* there .is a truth common to the 
two coses. Thu weight of something h/ld in the hand shows that 
between one InkIv in space and another, therl* exists a strain. This 
downward pull affects the hand as 4t might lie affected by a 
stretched elastic string. Hence, when a body projected upwards 
and gradually retarded by gravity, finally stops, we must regard 
the principle of activity manifested as having become latent in 
the strain bid w een it and »the Earth—a strain of which the 
quantity is to lx? conceived as the product of its intensity and the 
distance through which it acts. Carrying a step further our 
illustration of the stretched string, •will elucidate this. To 
simulate the action of gravity at terrestrial distances, let us 
imagine that when the attached moving lady has stretched the 
elastic string to its limit,.suv at the distance of ten feet (from 
which point it is presented from contracting hack), a second like 
string could instantly J»e tied to the end of the first and to the 
Iks 1 v, whjch continuing it> course stretched this second string, and 
soon with a succession of such strings, till the Indy was arrested. 
Then, obviously, the quantity of the principle of activity which 
the moving hodv possessed, but which has now become latent in 
the .stretched strings, i, measured by the iiuiuImt of such strings 
oxer uhu h the strain extends. Now though the tractive force of 
the Earth is not exercised in a like way—though gravity, utterly 
unknown in its nature, is probably a resultant of actions per¬ 
vading the ethereal medium; yet the above analogy suggests 
the Ix-lief that the principle of activity exhibited by a stone 
thrown up and presently arrested, has*not ceased to exist, but has 
become No much imj>errcptible or latent activity, in the medifim 
or£upvfhg spice; and that when the Stone falls, this is re- 
trunsformed into its* equivalent of jiereoptible ai'tivity. If we 
conceive the process at all, we must conceive it thus : otherwise, 
we have to conceive that a jwxcer has been changed into a space- 
relation , and this is inconceivable. 


Here, then, is the solution of the difficulty. The space-element 
of Motion is not in itself a thing. Change of position is not an 
existence, but the manifestation of ay existence. This existence 
(supposing it not transferred by collision or friction) may cease to 
display itself as translation; but it can do so only bv displaying 

* * 10 
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itself as strain. And tl«s principle of Activity, mow shown by 
translation, now by strain, |nd often bv the two together, is alone 
that which in Motion de cap call continuous. 

| 58. What is this principle of activity P Vision gives ns no 
idea of it. If by a mirrtfV we cast the image of an illuminated 
object on to a dark wall, and then suddenly changing the attitude 
of the mirror make the reflected image jwvss from side to side, no 
thought arises that there is present in the image a principle of 
activity. Before we can conceive the presence of this, we must 
regard the visual impressicn as syudx*li/.ing something tangible. 
Sight of a moving body suggests a principle of activity which 
would l>e appreciable by skin and muscles were the laxly laid hold 
of. This principle of actixity which Motion shows us is the 
objective correlate of our subjective sense of effort. By | nishing 
and pulling we get feelings which, generalized and abstracted, s ivld 
outjdeas of resistance and tension. Now di-plnyed by changing 
position and now by unchanging strain, this principle of activity 
is ultimately conceived by us under the single form of it* equivalent 
muscular effort. So that the continuity of Motion, as ♦well as 
the indestructibility of Matter, is really known to us in terms of 
Force. Hen:, however, the Force is of the kind known as F.nergv— 
a word applied to the force, molar or molecular, possessed by 
matter in action, as distinguished from the passive force bv which 
matter maintains its shape and occupies space: a force winch 

physicist* appear to think needs no name. 

* 

| 59. And now we reach "the truth to lie lu re especially noted. 
All proofs of the Continuity of Motion involve the postulate tfiat 
the quantity of Energy is constant. Observe what results when 
we analyze the reasonings by which the Continuity of Motion is 
shown. 

A particular planet is identified by its constant power to affect 
our eyes in^a special way. Further, such planet has not lieeti sent 
to move by the astronomer; but its motion is injerrrd from a 
comparison of its present .position with the position it before 
occupied. This comparison proves to Ik* a comjwirison between the 
different impressions produced on him by the different adjustments 
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of his observing instruments. *And thj validity of the inferences 
drawn depends/»n the truth of the aasiynption that these masses of 
matter, cclestftd and terrestrial, continue to affect his senses in the 
tuuae ways under the same coriditioifl On going a step 

further back, it turns out that difference in the adjustment of his 
observing instrument, and by implication in the planet's position, 
is meaningless until shown to correspond with a certain calculated 
position which the planet in (1st occupy, supposing that no motion 
has been lost. And if, finally, we examine the implied calculation, 
w-e find that it takes into account those accelerations and retarda¬ 
tions which ellipticity of the orbit involves, as well as those 
variations of motion caused bv adjacent planets—we find, that is, 
that the motion i- concluded to be indestructible not from the 
uniform velocity of tlw* planet, but from the constant quantity of 
motion exhibited after allowances have lieen made for the motions 
communicated to, or‘received from, other celestial bodies. And 
when we^ask how this is estimated, we discover that the e>ti f, iate 
assumes certain law* of force or energy ; which laws, one and all, 
eiutydy the postulate that energy cannot be destroyed. 

Similarly with the a priori conclusion that Motion is continuous. 
That which defies suppression in thought (disciplined thought, of 
course), is the force which the motion indicates. We can imagine 
retardation to result from the actions of other Ixxlies. Hut to 
imagine this we must imagine loss of some of the energy implied 
by the motion. We are obliged to conceive this energy as 
impressed in the shape of react iqp on the Ixxlies causing the 
retardation. And the* motion cominunicatcd to them, we jire 
compelled to regard as a product of the communicated energy. 
\V e can mentally di ini nidi the velocity or space-element of motion, 
by diffusing the momentum or force-element over a larger mass of 
matter; but the quantity of this force-element is uncliangeable in 
thought* 

* This exposition differs in its point of viow from the expositions ordinarily 
given ; and smite of the words employed, such as strain, have * mew hat larger 
implications, t'tiahlc to learn anything ul*oyt the nature of Force, physicists 
hare, of late years, formnlated ultimate physical truths in such ways m often 
tacitly to each de the consciousness of Force: conceiving cause, as Hume«|»r©- 
posed, in terms of antecedence and sequence only. “ Potential energy," for 
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example, is defined as constituted by suel^ relations in sjHic^as permit masses 
to generate in one another cenain motions, but as Wing in itself nothing. 
While this mode of conceit ing Che phenomena suffices for {Sfyyaical inquiries, 
it does not suffice for the purpoqps of philosophy. In the PrincifJei of Pty- 
cKology, §§ 347-350, I have shown Jthat our ideas of Body, Space, Motion, anp 
derived from our ideas of muscular tension, which are the ultimate symlmls 
into which all our other mental Ivnibols are intcrpretahle. Hence to formulate 
phenomena in the proximate terms of Body, Space, Motion, while discharging 
from the concepts the consciousness of Forge, is to acknowledge the super* 
structure while ignoring the foundation. 

When, in 1875, 1 recast the foregoing chapter, and set forth more fully the 
doctrine contained in the answering chapters of preceding edition*, I supjxMed 
myself to be alone in dissenting from the prevailing doctrine. But a year 
after, in the Philotojthieal Magtvsitu for October, 1 S7<>, I was glad to see the 
same view enunciated and defended by Dr. Crull, in an essay “On the Trans¬ 
formation of Gravity." I commend his arguments to those who are not con¬ 
vinced by the arguments used al>ove. 

Let me add a remark concerning the nature of the question at issue. It is 
assumed that, as a matter of course, it is a question falling withki the sphere of 
the mathematicians and physicists. I demur to the assumption, it b> a qttes- 
tionTailing within the sphere of the psychologists--a question concerning the 
right interpretation of our ideas. 
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THE PERSISTENCE OF FORCE * 

§ 60. Iv the foregoing two chapters, manifestations of force of 
two fundamentally-different classes have l)t*en dealt with—the 
force by which mattes demonstrates itself to us as existing, and the 
force In - which it demonstrates itself to us as acting. 

Ihxly is di#tinguislwble from spice bv its power of affecting our 
senses, tyul, in the last resort, bv its opposition to our efforts. We 
can conceive of laxly only by joining in thought extension and 
resi>tan«*e: take away resistance, and there remains only space. In 
what way this force which produces spacooccupancy is conditioned 
we do not know. The mode of force which is revealed to us only 
by opposition to our own powers, may have for one of its factors 
the mode of force which reveals itself by the changes initiated in 
our consciousness. That the space a Ixxly occupies is in part 
determined bv the degree of that activity of its molecules known 

* Some explanation <»f this title is needful. In the text itself are given the 
reasons for using the woof “force” instead of the word “energy”; and here 
I must Ay why I think “ jwrsistenee” prefernlJle to “conservation. 1 ' Some*two 
ytun afio (this was written in ISG1) I expressed u» my friend Prof. Huxley, my 
dissatisfaction with the sphon) current A passion—“Conservation of Force”: 
assigning as reasons, first, that the word “ conservation ” implies a con-erver and 
an act of conserving ; and, second, that it does not imply the existence of the force 
before Uic particular manifestation of it which contemplated. And I may 
now add, aa a further fault, the tacit Sssmuption that, without some act of 
conservation, force would diMp]iear. All these implications are at variance 
with the conception to be conveyed. In place o£ “ conservation " Prof, Huxley 
suggested persistence. This meets most of the objections; and though it may be 
urged that it does not directly imply pre-Aistence of the force at any time 
manifested, yet no word leas faulty in this respect can be found. In the absence 
of a word coined for the purpose, it seems the best; and as such I adopt it. 
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as heat, is a familiar truth. Moreover, sugh molecular rearrange* 
ment as occurs when watir is changed into ice, is shown to be 
accompanied by an evolution of force which may hurst the con¬ 
taining vessel and give motion to the fragments. Nevertheless, 
the forms of our experience oblige us to distinguish between two 
modes of force; the one llot a worker of change and the other a 
worker of change, actual or potential. The first of these—the 
space-occupying kind of force—has no specific name. 

For the second kind of force, the specific name now accepted is 
“ Energy." That which in the last chapter was spoken of as per¬ 
ceptible activity, is called bjj physicists, “actual energy”; and that 
which was there spoken of as latent activity, they call “ potential 
energy." While including the mode of activity shown in molar 
motion. Energy includes also the several ijiodef of activity into which 
molar motion is transformable—heat, light, &c. It is the common 
name for the power shown alike in the movements <jf masses and 
in the movements of molecules. To our perceptions thjs second 
kincT of force differs from the first kind as being not intrinsic but 
extrinsic. 

In aggregated matter as presented to sight and touch, this 
antithesis is, as above implied, much obscured. Esjaxially in a 
compound substance, both the latent energy kicked up in the 
chemically-combined molecules and the actual energy made per¬ 
ceptible to us as heat, complicate the manifestations of intrinsic 
force by the manifestations of extrinsic force. Hut the antithesis, 
here partially hidden, i» clearly seen on reducing the data to their 
lowest terms—a unit of matter, or atoui^uncf its motion. The 
force by which it exists is passive but indejtendent ; while the force 
by which it moves is active hit dependent on its past ami presellt 
relations to other atoms. These two cannof he identified in our 
thoughts. For as it is impossible to think of motion without 
something that moves, ^ so it is impossible to think of energy 
without something possessing tile energy. # 

While recognizing this fundamental distinction between that 
intrinsic force by which *body manifests itself os occupying space, 
and that extrinsic force distinguished as energy, I here treat of 
them together as being alike persistent. And I thus treat of 
them together partly because, in our consciousness of them, there 
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is the same essential element The sense of effort is our sub¬ 
jective symbol for objective ftirce in general, passive and active. 
Power of resisting that which we know as our own muscular strain, 
is the ultimate element in our idea o$ body as distinguished from 
spacet and any motor energy which we give to body, or receive 
from it, is thought of as equal to a certain amount of muscular 
strain. The two consciousnesses differ essentially in this that 
the feeling fif effort common to them is in the last case joined 
with consciousness of change of position, but in the first case 
is not.* 

There is, however, a further and tnoje important reason for here 
dealing with the proposition that Force under each of these forms 
persists. We have to examine its warrant. 


§ 61. A little more patience is asked. We must reconsider 
the reasoning by which the indestructibility of Matter and the 
continuity of Motion are established, that we mav see ho w «. 
impossible it is to arrive by parallel reasoning at the Persistence 
of Force. 

In all three cases the question is one of quantity:—Does 
the Matter, or Motion, or Force, ever dimini'h in quantity r 
Quantitative science implies measurement, and measurement 
implies a unit of measure. The units of measure from which 
all others of any exactness are derived, are units of linear exten- 

* Concerning the .fundamental distinction here made between the Fj*v*e- 
occupving kind of force, \tid the kind of force shown bv various modes of 
activity, I am, as in the la-t chapter, at issue with some of mv scientific friends. 
They tfo not a lout that the conception of force » involved in the conception of 
a unit of matter. From the psychological point of view, however. Matter, in 
all its pn*]>ertieis is the unknown cause of the sensations it produces in us ; of 
which the one which remains when all others are absent, is resistance to our 
efforts—a resistance we are obliged to symbolize as the equivalent of the 
muscular force it opjmses. # In imagiuii% a unit of matter we mar not ignore 
this symbol, by which alone a unit of matter can lie figured in thought as an 
existence. It is not allowable to 8}ieak as though there remained a conception 
of an existence when that conception has Iwcn eviscerated—deprived of the element 
of thought by which it is distinguished frftm empty space. Divest the con¬ 
ceived unit of matter of the objective correlate to our subjective sense of effort, 
and the entire fabric of physical conceptions disappears. 
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sion. Our units of linear extension are # the lengths ot masses 
of matter, or the spaces between marks made on the masses, 
and we assume these* lengths, or these spaces fietween marks, 
to remain unchanged whiletthe temperature is unchanged. From 
the standard-measure preserfed at Westminster, are derived tfie 
measures for trigonometrical surveys, for geodesy, the measure¬ 
ment of terrestrial arcs, and the calculations of astronomical dis¬ 
tances, dimensions, &c.., and therefore for Astrondhiy at large. 
Were these units of length, original and derived, irregularly 
variable, there could be no celestial dynamics, nor any of that 
verification yielded by it of the constancy of the celestial masses 
and of their energies. Hence, persistence of the spare-occupying 
species of force cannot be proved, for the reason that it is tacitly 
assumed in every experiment or observation lyv which it is proposed 
to prove it. The like holds of the force distinguished as 

energy. The endeavour to establish this by measurement, takes 
for granted both the persistence of the intrinsic force by which 
bciSPC' manifests itself as existing, and the persistence of the 
extrinsic force bv which body acts. For it is from these espial 
units of linear extension, through the medium of the equal-armed 
lever or scales, that we derive our equal units of weight, or 
gravitative force; and only by means of these can we make those 
quantitative comparisons by which the truths of exact science are 
reached. Throughout the investigations hauling the chemist to 
the conclusion that of the carbon which has disappeared during 
combustion, no portion has been lost, what is his repeatedly- 
assigned proof? That affbr<k*d by the sr%ics. * In what terms is 
thes'erdict of the scales givtfl ? In grammes—in units of weight— 
in units of gravitative force. And what is the total content 6f 
the verdict? That as many Units of graritntive force as the 
carbon exhibited at first, it exhibits still. The validity of the 
inference, then, depends entirely upon the constancy of the unite 
of force. If the force ‘with which the portion of metal called 
a gramme-weight tends towards the Earth, has varied, the 
inference that matter i$ indestructible is vicious. Everything 
turns on the truth of the assumption that the gravitation of 
the weights is persistent; and of this no proof is assigned, or 
can «be assigned. In the reasonings of the astronomer 
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there in a like implication, from which we may draw the like 
conclusion. No problem in celestial dynamics can be solved with¬ 
out the assumption of some unit of force?. This unit need not 
be,, like a pound or a ton, one ofswhich we can take direct 
cognizance. It is requisite only that the mutual attraction which 
some two of the bodies concerned exercise at a given distance, 
shall be. taken as one; so that the other attractions with which 
the problem ^leals, may be expressed in terms of this one. Such 
unit being assumed, the motions which the respective masses will 
generate in one another in a given time, are calculated; and 
compounding tiie.se with the motion* they already have, their 
places at the end of that time are predicted. The prediction is 
verified by oliscrvation. From this, either of tw-o inferences may 
be drawn. Assuming, the. masses to be unchanged, their energies 
nmv Iks proven! undimini-hed; or assuming their energies un- 
diminished, tjie movws may lie proved unchanged. But, the 
validity of one or other inference depends wholly on the truth 
of the assumption that the unit of force is unchanged. Let it be 
supposed that the gravitation of the two bodies towards each 
other at the given distance has varied, ami the conclusions drawn 
are tio longer true. Nor is it only in their concrete data 

that the reasonings of terrestrial and celestial physics assume the 
Persistence of Force. The equality of action and reaction is taken 
for grunted from beginning to end of either argument; and to 
assert that action and reaction are equal and opjxjsitc, is to assert 
that Force jiersists. The implication i< that there cannot be aji 
isolated force, but* that any force manifested implies an equal 
antecedent force from wliich it is dented, and against which* it 
is a mitt ion. 

We might indeed lie certain, even in the absence of anv such 
analysis as the foregoing, that there must exist some principle 
which, as being the Imims of science, cannot be established bv 
science. All reasoned-out conclusions whatever must rest on 
some postulate. As Before shown ,(§ 23), we cannot go on 
merging derivative truths in those wider tjruths from which they 
are derived, without reaching at last a .widest truth which can be 
merged in no other, or derived from no other. And the relation 
in which it stands to the truths of science in general, shows t&at 
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this truth transcending demonstration is tjie Persistence of Force. 
To this an ultimate analysis brings‘us down, and on this a rational 
synthesis must build up. 

| 62. Hut now what is * the force of which we predicate 
persistence ? That which the word ordinarily stands for is the 
consciousness of muscular tension—the feeling of effort which 
we have either when putting something in motion or when 
resisting a pressure. This feeling, however, is but a syrrdxd. 

In § 18 it was said that though, since action and reaction are 
equal and opposite, we are t obliged to think of the downward pull 
of a weight as espial to the upward pull which supports it, and 
though the thought of equality suggests kinship of nature, yet, 
as we cannot ascribe feeling to the weight, we are obliged to 
admit that Force as it exists beyond consciousness has no likeness 
to force as we conceive it, though there is ljj*tw<*cn ^hem the kind 
of equivalence implied by simultaneous variation. The effort of 
one who throws a cricket l>all is followed by the motion of the 
ball through space, and its momentum is re-transformed into 
muscular strain in one who catches it. What the force’ was 
when it existed in the flying cricket Ivill it is impossible to 
imagine: we have no terms of thought in which to represent 
it. And it is thus with all the transformations of energy taking 
place in the world around. Those illustrations given in § 66, 
showing the changes of form which energy undergoes and the 
equivalence between so much <>f it in one form and so much in 
another, fail to enlighten tts* respecting ^ the* energy itself. It 
assumes under this or thkf set of conditions this or that shape, 
and the quantity of it*is not altered during its transforrtiatidns. 
For that interpretation of things which is* alone possible for us 
this is all we require to know—that the force or energy mani¬ 
fested, now in one way now in another, persists or remains 
unchanged in amount But ‘'when we ask what this energy is, 
there is no answer save th^t it is the noumenal cause implied 
by the phenomena] effort. 

Hence the force of which we assert persistence is tSiat Absolute 
Force we are obliged to postulate as the necessary correlate of 
the* force we are conscious of. By the Persistence of Force, we 
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really mean the* persistence of some Cause which transcends our 
knowledge and conception. In*asserting it we assert an Uncon¬ 
ditioned Reality^ without beginning or end> 

Thus* quite unexpectedly* we come* down once more to that 
ultimate truth in which* as we saw. Religion and Science coalesce 
—the continued existence of an UnkUbwable as the necessary 
correlative of the Knowable. 
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THE PERSISTENCE OF RELATIONS AMONG FORCES 

§ 63. Thk first deduction to Ik* drawn from the ultimate 
universal truth that force persists is that the relations among 
forces persist SupjKJsing a given manifestation of force, under 
a given form and given conditions, be either preceded by or 
succeeded by some other manifestation, it must, in all cases where 
the form and conditions are the same, be preceded by or succeeded 
by such other manifestation. Every antecedent mode of the 
Unknowable must have an invariable connexion, quantitative 
and qualitative, with that inode of the Unknowable whi^h we 
call its consequent 

For to say otherwise is to deny the jiersistence of force. If in 
any two cases there is exact likeness not only between those 
conspicuous antecedents which we call the causes, but also U‘tw«m 
those accompanying antecedents which we call the conditions, we 
cannot affirm that the effects will diffci, without affirming either 
1-hat some force has come into existence or that some force has 
ceased to exist. If the co-operative fofces in the one case are 
equal to those in the other, each to each, in distribution and 
amount; then it is impossible to conceive the product of their 
joint action in the one case as unlike that in the other, without 
conceiving one or more of the forces to have increased or 
diminished in quantity:; and this is conceiving that force is not 
persistent. 

To impress the truth thus enunciated under its most abstract 
form, some illustrations will be desirable. 

| 64. Let two bullets, equal in weights and shapes, be projected 
with equal energies; then, in equal times, equal distances must 
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be travelled bv> them. # The awertion that one of them will 
describe an assigned space sooner than the other, though their 
initial momenta were alike and they have*been equally resisted 
(for if they are unequally resisted the antecedents differ) is an 
asserticfti that equal quantities of Toree have not done equal 
amounts of work; and this cannot be thought without thinking 
that some fort* has disappeared into nothing or arisen out of 
nothing. * Assume, further, that during its flight one of them 
has been drawn hy the Earth a certain number of inches out of 
its original line of movement; then the other, which has moved 
the same distance-in the same time, m\|st have fallen just as far 
towards the Earth. No other result can be imagined without 
imagining that espial attractions acting for equal times, have pro¬ 
duced unequal effects : adaitji involves tlie inconceivable proposition 
that some action lias been ideate*! or annihilated. Again, 

one of the UplleU having jienet rated the target to a certain 
depth, pejietration by the other bullet to a smaller depth, unless 
caused by greater local density in the target, cannot be mentally 
represented. Such a modification of the consequents without 
imxlihcation of the antecedents is thinkable only through the 
im|K>s.sibie thought that something lias become nothing or nothing 
has become something. 

It is thus not with sequences onlv, but also with simultaneous 
cluinges and permanent co-existences. Given charges of jxiwder 
alike in quantity and quality, fired from Ivarrels of the same 
structure, and profiling bullets of equal weights, sizes, and forms, 
similarly rammed dtWn a* and it is a ‘necessary inference that the 
concomitant actions which make up the Explosion, w ill bear to one 
anothef like relations of quantity and qflalitv in the two cases. 
'Hu* proportions amofig the different products of combustion will 
be equal. The several amounts of energy taken up in giving 
momentum to the bullet, heat to the gases, and sound on their 
escape, will preserve the same mtiuR. The quantities of light and 
smoke in the one case wftl lx* what thj*v are in the other; and the 
two recoils will be alike. For no difference of relation among 
these concur&nt phenomena can be ipmgimxl as arising, without 
imagining it as arising by the creation or annihilation of energy. 

* This wm written while muzzle-loading was still usual. 
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That which holds between these,two ca*es must “hold among any 
number of cases; and that which here holds between comjvara- 
tivelv simple antecedents and consequent*, must' hold however 
involved the antecedents become and however involved the cqu- 
sequents become. 

| 65. Thus Uniformity of Law, resolvable as we find it into 
the persistence of relations among forces, is a corollary from the 
persistence of force. The general conclusion that there exist 
constant connexions among phenomena, ordinarily regarded as an 
inductive conclusion only, is really a conclusion dcduciblc from the 
ultimate datum of consciousness. 

Mon* than this may be said. Every apparent inductive proof 

of the uniformity of law itself takes for gn>.;!*ed l>oth the persistemt! 

of force and the persistence of relations among fours, For in the 

exact sciences, in which alone we may seek relations definite enough 

to prove uniformity, any alleged demonstration must d|**ml on 

measurement; and as we have already seen, measurement, whether 

of matter or force, assumes that both are }>ersistent in assuming 

that the measures have not varied. While at the same time every 

0 

determination of the relations among them—in amount, projmr- 
lion, direction, or what not—similarly implies measurement, the 
validity of which as lie fore implies the jiershtence of force. 

That uniformity of law thu* follows inevitably from the persist¬ 
ence of force, will Ircome more and more clear as we advance. 
The next cliapter will indirectly supply abundant illustration* 
of it 



CHAPTER VIII 


T1IF. TRANSFORMATION AND EQUIVALENCE OF FORCES 

§ fif>. Wiiks, to the unaided s'iwr<, Science lx*gan to add 
fupplemcutarv miiscs in thf shajK* of measuring instruments, men 
lx gun to jHTtfjvf varidf^phi nomena which eves ami could 

not distinguish. Of known forms of force, minuter manifestations 
lx npprt«'iable; nud forms of force lx* fore unknown were 

rendered «ogniAubie and measurable. Where forces had apparently 
ended in nothing. nnd had Ixtii carelessly supposed to have actually 
dontvso, instrumental observation proved that edicts had in every 
instance Im-cii produced: the forces havin'; reapjxvtred in new 
shajvcs. Hence has at length arisen the inquire whether the force 
displaced in each surrounding change, does not in the act of ex- 
peuditurc undergo metamorphosis into an equivalent amount of 
Mime other force or forces. And to this inquiry exjariment is 
giving an alHruiative answer, wliieh la comes d.ulv more tiecisive. 
Seguin, Miiu r, Jotdc, (isove, and Helmholtz, are more than othei^ 
to lx* credited with the ^uic.eiation oflhis doctrine. Let us glance 
at the gvidence on which it rests. 

Motion, wherever we can directly trace *its genesis, we find had 
pre-existed as some other mode of force. Our own voluntary acts 
have always certain sensations of muscular tension as their ante¬ 
cedents. When, as in letting fall a rclaxct[ limb, we are const.ions 
of a liodily movement rt^punng no "effort, the explanation is that 
the »,Hurt was exerted in raising the limb to the position whence 
it fell. In this case, as in the cast* of an inanimate Itodv descending 
to the Earth, the force accumulated* by the downwaid motion 
si equal to the force previously cx{>ended in the act of eleva¬ 
tion. Conversely, Motion that is arrested produces, umier 
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different dmimstance*, heat, electricity, ^agnctlnsn, light. Worn 
the warming of the hand* by rulvbing them together, up to the 
ignition of a railway-brake by intense friction—froiti tlie lighting 
of detonating powder by percussion, up to the setting on fite^a 
block of wood by a few bldVs from a steam-hammer; srt* have 

m 

abundant instance* in which heat arises as Motion cease*. It is 
uniformly found that the heat generated is great in proportion 
a* the Motion lost is great; ami that to diminish*the am**t of 
motion by diminishing the friction, is to diminish the quantity 
of heat evolved. 'IIn' production of electricity bv Motion is 

illustrated equally in the b^v's experiment with mblied sealing wax, 
in the common electrical machine, and in the apparatus for exciting 
electricity by the esca(»e of steam. Wherever there is friction 
between heterogeneous laxlies electrical, d’ turhawe i* one of the 
consequences. Magnetism may result'from Motion either iinmedi- 
atelv, as through pereuvsion on steel. or mediately as through 
electric currents previously generated by Motion. And similarly, 
'Motion may create light; either directly, as in the minute 
incandescent fragments struck off by violent collisions, or indirectly, 
as through the electric s|>ark. ** lastly. Motion may la* again 
reproduced by the forces which have emanated from Motion; thus, 
the divergence of the electrometer, the revolution of the electrical 
wheel, the deflection of the magnetic needle, are, when resulting 
from frictional electricity, palpahlu movements reproduced by tne 
intennediate modes of force, which have themselves been originated 
by motion.” 

That mode of force which we distinguished as Heat, is now 
regarded as molecular motion—not motion as displayed in the 
changed relations of sensible masses to one another, hut as fawsessed 
by the units of which such sensible masses consist. Omitting cases 
in which there is structural rearrangement of the molecules, heated 
bodies expand ; and expansion is interpreted as due to movement* 
of the molecules in relation to one another: wider oscillations. 
That radiation through which anything of higher temperature than 
things around it, communicates Heat to them, is clearly a species 
of motion. Moreover, the evidence afforded by the thermometer 
that Heat thus diffuses itself, is simply a movement caused in the 
mercurial column. And that the molecular motion which we call 
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Heat, may be transformed into visible motion, familiar proof is 
given by the steam-engine; in which “thepijton and all ita 
concomitant masses of matter are moved by the molecular dilatation 
o£ the vapour of water,” Whyfls Heat is absorbed without 

apparent result, modern inquiries have ^k-tected unobtrusive modi¬ 
fications ; as in glass, the molecular state of which is so far changed, 
that a polarised ray of light passing through it becomes visible, 
which it does not when the glass is cold; or as on polished metallic 
surfaces, which are altered id molecular structure by radiations from 
objects very close to them. The transformation of Heat into 
electricity occurs when dissimilar met/tls touching each other are 
heated at the point of contact: electric currents being so produced. 
Solid, incombustible matter put into heated gas, as lime into the 
oxy-hydrogen flame, incandescent; and so exhibits the 

conversion of Heat into light. The production of magnetism by 
Heat, if it caftnot Ik- proved to take place directly, may be proved 
to take place indirectly through the agency of electricity. And. 
through the same agency uuiy 1m* established the correlation of 
Heat and chemical affinity—a correlation which is directly shown 
by the marked influence Heat exercises on chemical composition 
and decomposition. 

The transformations of Electricity into other modes of force 
are clearly demonstrable. Produced by the motion of hetero¬ 
geneous lrodies in contact. Electricity, through attractions and 
repulsions, will immediately reproduce motion in neighbouring 
bodies. In this cvy»e a •current of •Electricity magnetizes a bar «f 
soft iron; and in that*case the rotn^iyn of an equipped magnet 
generates currents of Electricity. Here is the cell of a battery in 
which, from the play of chcmica^ affinities, an electric current 
results; and there, in the adjacent cell, is jui electric current effecting 
* chemical decomjrosition. In the conducting wire we witness the 
transformation of Electricity into heat; .while in electric sparks 
and in the voltaic arc ye see light produced. Molecular arrange¬ 
ment, too, is changed by Electricity: as instance the transfer 
of matter from pole to pole of a battery; the fractures caused 
by the disruptive discharge; the formation of crystals under the 
influence of electric currents. And then that, conversely, Elec¬ 
tricity is directly generated by rearrangement of the molecules 
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of matter, is shown when a storage-battery or accumulator 
is used. 

How from Magnetism the other physical forces result, must he 
next briefly noted—briefly, because in each successive case the ill us* 
trat ions, become in great gpart the obveree forms of those before 
given. That Magnetism produces motion is the ordinary evidence 
we have of its existence. In the magneto-electric machine a 
rotating magnet evolves electricity; and the electricity so evolved 
may immediately after exhibit itself as heat, light, or chemical 
affinity. Faraday's discovery of the effect of Magnetism cm polarised 
light, as well as the discovery that change of tuagnetic state is 
accompanied by heat, point to further like connexions. Lastly, ex¬ 
periments show that the magnetisation of a body alters its internal 

structure; and that, conversely, the altc'^uon of its internal struc- 

*■ 

ture, as by mechanical strain, alters its magnetic condition. 

Improbable as it seemed, it is now proved that from Light 
also may proceed the like variety of agencies. Hays of light change 
the atomic arrangements of particular crystals. Certain mixed 
gases, which do not otherwise combine, combine in the sunshine. 
In some compounds light produces decomposition. Since the 
inquiries of photographers have drawn attention to the subject, 
it has been shown tiiat “ a vast number of substances, Imth ele¬ 
mentary and compound, are notably affected by this agent, even 
those apparently the most unalterable in character, such as metals.” 
And when a daguerreotype plate is connected with a proper 
apparatus w we get chemical action on the plate, electricity cir¬ 
culating through the wire;', magnetism in the coil, heat in the 
helix, and motion in the needles.” 

The genesis of all other m^des of force from Chemical Action, 
scarcely needs pointing out. The ordinary accompaniment of 
chemical combination is heat; and when the affinities sue intense, 
light also, is produced. Chemical changes involving alteration of 
bulk cause motion, both in the combining elements and in adjacent 
masses of matter: witness the propulsion of a bullet by the 
explosion of gunpowder. In the galvanic battery we see electricity 
resulting from chemical composition and decomposition. While 
through the medium of this electricity. Chemical Action produces 
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These facte, the burger part»of which ore culled from Grove** 
work mi The Correlation of Physical Forces , show that each force 
is transformable, directly or indirectly, into* the others. In every 
dpnge Force (or Energy, as in these Cases it is called) undergoes 
metamorphosis; and from the new form or forms it assumes, may 
subsequently result either the previous one or any of the rest, in 
endless variety of order and combination. It is further now 
manifest that the physical forces stand not simply in qualitative 
correlations with one another, but also in quantitative correlations. 
Besides proving that one mode of force may be transformed into 
another mode, experiments show that from a definite amount of 
one, the amounts of others that arise are definite. Ordinarily it 
is difficult to show this ; since it mostly happens that the transfor¬ 
mation of any force i4**r»»t into some one of the rest but into 
several of them: the proportions being determined by ever-varying 
conditions. But in certain cases positive results have been reached. 
Mr. Joule has ascertained that the fall of 772 lbs. through one. 
foot, will raise the temperature of a pound of water one degree of 
Fahrenheit. Dulong, Petit, and Neumann, have proved a relation 
in amount between the affinities of combining bodies and the heat 
evolved during their combination. Between chemical action and 
voltaic electricity, a quantitative connexion has been established 
by Faraday. The well-determined relations between the amounts 
of heat generated and of water turned to steam, or still better the 
known expansion produced in steam by each additional degree of 
heat, may be cited in further evidence. Hence it is no longqj- 
doubted that among t)Cb several fornjs_ which force assumes, the 
quantitative relations are fixed. 

§ 67. Throughout *the Cosmos t&is truth must invariably hold. 
Every change, or group of changes, going on in it, must be due 
to forces affiliable on the like or unlike fojees previously existing; 
while from the forces exhibited in*$uch change or changes must 
be derived others more or less transformed. And besides recogniz¬ 
ing this necessary linking of the forces at any time manifested with 
those preceding and succeeding them, we must recognize the 
amounts of these forces as necessarily producing such and such 
quantities of results, and as necessarily limited to those quantities. 
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That unification of knowledge which is the business of 
Philosophy, is but little furthered by the establishment of this 
truth under its general form. We must trace it* out under its 
leading special forms. Chftojges, and the accompanying transfon^a- 
tions of forces, ore everywhere in progress, from the movements of 
stars to the currents of^eommodities; and to comprehend the 
great fact that forces, unceasingly metamorphosed, are nowhere 
increased or decreased, it is requisite to contemplate the changes 
of all kinds going on around, that wd may learn whence arise the 
forces they show and what becomes of these forces. Of course if 
answerable at all, these questions can be answered only in the 
rudest way. The most we can hope is to establish a qualitative 
correlation that is indefinitely quantitative—quantitative to the 
extent of implying something like a due .proportion between causes 
and effects 

Let us, then, consider the several classes of phenomena which 
.the several concrete sciences deal with. 

§ 68. The antecedents of those forces which our Solar System 
displays, belong to a past of which we can never have anything 
but inferential knowledge. Many and strong as are the reasons 
for believing the Nebular Hypothesis, we cannot yet regard it as 
more than an hypothesis. If, however, we assume that the matter 
of our Solar System was once diffused and had irregularities of 
shape and density such as existing nebular display, or resulted 
jjrorn the coalescence of movipg nebulous masses, we have, in the 
momenta of its parts, original and acquired forces adequate to 
produce the motions now going on. * 

Various stages in thf* formation of spiral nebulas imply that 
rotation in many cases results from concentration: whether always 
there is no proof ; for large nebula* are too diffused, small one* 
VaR and seen too much 

evidence. But ui Ox- n\r* nrf <»f # 4 ^ pr* - 4 MTM^iaS»rnt 
rotation may *»fVH !w- ii ; f*rr^xL St* far as the wlidetiOfi earr-c* 
«S we perceive htm •• <p umt:*ati«r ptUium the «*«*?.<”*' 

generated and the S 4 T«'np,t.'W in getsrratlng th*" ni 
n f *• Solar System the pUiwis formed from 

matter which has trmvrlM the *hort«snt dhtaraw toward* ti«‘ 
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common centre *t>f gravity, ha^p the smallest velocities. Doubt¬ 
less this is explicable on the teleological hypothesis, since it is a 
condition to equilibrium. But without insiAing that this is beside 
tt\p question, it will .suffice to point out that the like cannot be 
said of the planetary rotations. No such final cause can be as¬ 
signed for the rapid axial movement of Jupiter and Saturn, or the 
slow axial movement of Mars. If, however, we look for the 
natural antecedents of these'gyrations which all planets exhibit, 
the nebular hypothesis furbishes them; and they t>ear manifest 
quantitative relations to the rates of motions. For the planets 
that turn on th<*ir axes with extreme vapidity are those having 
huge orbits — those of which the once-diffused components, 
probably formed into broad rings, moved to their centres of 
aggregation through *«Hjyense spaces, and so acquired high 
velocities. While, conversely, the planets which rytate with 
relatively snudl velocities, are those formed out of small nebulous 
rings. 

“But what," it uiH\ lx* a^ked, “has in such case become of all 
fhat /notion which ended in the aggregation of this diffused matter 
into solid laxlies?" 'Hie answer is that it has been radiated in 
the form of heat and light : and this answer the evidence, so far as 
it goes, confirms. Geologists and physicists agree in concluding 
that the heat of the Earth's interior is but a remnant of the heat 
which once made molten the whole mass. The mountainous sur¬ 
faces of the Moon and of Venus, indicating, as they do, crusts which 
have, like our own, beon corrugated by contraction, imply th^t 
these bodies, too, have ^mdergone refri^ention. lastly, we have 
in the^nm a still-continued production of the heat and light wlfich 
result, from the arrest of diffused matter moving towards a common 
centre of gravity. Here also, as before, a quantitative rela¬ 

tion is traceable. Mars, the Earth, Venus, and Mercury, which 
severally contain comparatively small amounts of matter whose 
centripetal motion has been destnmxl, have already h>st nearly all 
the produced heat; while the great planets, Jupiter and Saturn, 
imply by thejr low specific gravity, as well*as by the perturbations 
of their surfaces, that they still retain much heat. And then the 
Sun, a thousand times as great in mass as the largest planet, and 
having to give off an enormously greater quantity of beat and light 
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due to that loss of molar motion, which •concentration entails, is 
still radiating with great intensity. 

§ 69. Those forces whiclf have wrought the surface of our plaint 
into its present shape, are traceable to the primordial source just 
assigned. Geologic changes are either direct or indirect results of 
the unexpended heat caused by nebular condensation. They are 
commonly divided into igneous and ’aqueous—heads under which 
we may most conveniently consider thc*m. 

All those disturbances known as earthquakes, all those elevations 
and subsidences which theyweverally produce, all those accumulated 
effects of many such elevations and suljsidenccs exhibited in ocean- 
basins, islands, continents, table-lands, mountain-chains, and all 
those formations which are distinguish-2*\»s volcanic, geologists 
now regarji as modifications of the Tvorth's crust caused by the 
actions and reactions of its interior. Even supposing* that volcanic 
eruptions, extrusions of igneous rock, and upheaved mountain- 
chains, could be otherwise satisfactorily accounted for, it would be 
impossible otherwise to account for those wide-spread elcvajtions 
and depressions whence continents and oceans result. Such phe¬ 
nomena as the fusion or agglutination of sedimentary deposits, the 
warming of springs, the sublimation of metals into the fissures where 
we find them as ores, may be regarded as j>ositivc results of the 
residuary heat of the Earth’s interior: while fractures of strata and 
alterations of level are its negative results, since they ensue on its 
escape. The original cause of pH these effects is still, however, as 
it has been from the first, the gravitating iftovement of the Earth's 
matter towards the Earth's centre; seeing that to this is cfqe both 
the internal heat itself and the collapse which takes place as it is 
radiated into space. 

To the question—Under what forms previously existed the force 
which works out the geological changes classed as aqueous, the 
answer is less obvious. The effects of raiq, of rivers, of winds, of 
waves, of marine currents, do not manifestly proceed from one 
general source. Analyst's, nevertheless, proves that they have a 
common genesis. If we ask,—Whence comes the power of the 
river-current, bearing sediment down to the sea? the reply is,— 
The* gravitation of water throughout the tract which this river 
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drains. If we «sk,—Hyw came the water to be dispersed over this 
tract ? the reply is,—It fell in file shape of rain. If we ask,—How 
came the rairwto be in that position w hence *it fell ? the reply is,— 
The vapour from which it was condensed was drifted there by the 
Winds.* If we ask,—How came this t%pour to be at that height? 
the reply is,—It was raised by evapoitition. And if we ask,— 
What force thus raised it? the reply is,—The Sun's heat. Just 
that amount bf gravitative force which the Sun’s heat overcame in 
raising the molecules of water, is $ven out again in the fall of 
those molecules to the same level. Hence the denudations effected 
by rain and rive®*, during the descent qf this condensed vapour to 
the level of the sea, are indirectly due to the radiated energy of the 
Sun. Similarly with the winds that transport the vapours hither 
and thither. Consequ*>d atmospheric currents are on differences 
of temperature (either general, as between the equatorial and polar 
regions, or sgecial as between tracts of the Earth’s surface having 
unlike physical characters) all such currents are due to that source 
from which the irregularly distributed heat proceeds. And if the 
winds thus originate, so too do the waves raised by them on the 
sea's surface. Whence it follows that whatever changes waves 
produce—the wearing away of cliffs, the breaking down of rocks 
into shingle, sand, and mud—are also traceable to the solar rays as 
their primary cause. The same may be said of ocean-currents. 
Generated as the larger ones are by the excess of heat which the 
ocean in tropical climates acquires from the Sun; and determined 
as the smaller ones are in part by local shapes of land; it follows 
that the distribution «f sediment *and other geological processes 
which these marine currents effect, are* affiliable upon the energy the 
Sun ifuliutes. The only aqueous agency otherwise originating is 
that of the tides— Ail agency which, equally with the others, is 
traceable to unexj>endcd celestial motion. But making allowance 
for the changes this works, we conclude that the slow wearing 
down of continents and gradual filling up*of seas, effected by rain, 
rivers, winds, waves, ancl ocean-streams, are the indirect effects of 
solar heat , 

Thus we &e that while the geological changes classed as igneous, 
arise from the still-progressing motion of the Earth's substance to 
its centre of gravity ; the antagonistic changes classed as aqueous. 
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arise from the still-progressing motion gf the Sun's substance 
towards its centre of gravity. 

§ 70. That the forces exhibited in vital actions, vegetal and 
animal, are similarly derived^ is an obvious deduction from tlfe 
facts of organic chemistry. Let us note first the physiological 
generalizations; and then the generalizations which they necessitate. 

Plant-life is all directly or indirectly dependent on the heat and 
light of the Sun—directly dependent in the immense majority of 
plants, and indirectly dependent in plants which, as the fungi, 
flourish in the dark : since tjiese, growing at the expense of decay¬ 
ing organic matter, mediately draw their forces from the same 
original source. Each plant owes the carbon and hydrogen of 
which it mainly consists to the cnrhpii dioxide and water 
contained in the surrounding air and eaTih. These must, however, 
be decomposed before their carlxm and hydrogen can by assimilated. 
To overcome the affinities which hold their elements together, 
requires the expenditure of energy ; and this energy is supplied by 
the Sun. When, under fit conditions, plants ore exposed to the 
solar rays, they give off oxygen and accumulate carlxm and 
hydrogen. In darkness this process ceases. It ceases, too, when 
the quantities of light and heat received are greatly reduced, as in 
winter. Conversely, it is active when the light and heat are great, 
as in summer. And the like relation is seen in the fact that while 
plant-life is luxuriant in the tropics, it diminishes in temperate 
regions, and disappears as we approach the poles. Thus the irresist¬ 
ible inference is that the forces hv which plants grow and carry on 
thei( functions, are forces wlatfn previously existed as solar radiations. 

That in the main, the. processes of animal life are opposite to 
those of vegetal life is a truth long current among men of science. 
Chemically considered, vegetal life is chiefly a process of de¬ 
oxidation, and animal life chiefly a process of oxidation: chiefly, 
we must say, because in'so far»&s plants are expenders of force 
for the purposes of organization, they are oxidizers: and animals, 
in some of their minor processes, are probably de-oxidizers. But 
with this qualification, the general truth is that whikf the plant, 
decomposing carbon dioxide "and water and liberating oxygen, 
builds up the detained carbon and hydrogen (along with a little 
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nitrogen and email quantities of other elements) into stem, 
branches, leaves, and seeds; the animal, consuming these branches, 
leaves, and se&ls, and absorbing oxygen, re*c6mposes carbon dioxide 
and water, forming also certain nitrogenous compounds in minor 
amounts. And while the decomposition effected by the plant is at 
the expense of energies emanating front the Sun, the re-composition 
effected by the animal is at the profit of these energies, which are 
liberated during the combination of such elements. Thus the 
movements, internal and external, of the animal, are re-appearances 
in new forms of a {tower absorbed by the plant under the shape of 
light and heat, dust as the solar forcessexpended in raising vapour 
from the sea's surface, are given out again in the fall of rain and 
rivers to the same level, and in the accompanying transfer of solid 
matters; so, the sol af Circes that in the plant raised certain 
chemical elements to a condition of unstable equilibrium, are given 
out again in .the actions of the animal during the fall of these 
elements Jo a condition of stable equilibrium. 

Resides thus tracing a qualitative correlation between these two 
great orders of organic activity, as well as between both of them 
and inorganic activities, we may rudely trace a quantitative 
correlation. Where vegetal life is abundant, we usually find 
abundant animal life; and as we advance from torrid to temperate 
ami frigid climates,the two decrease together. Shaking generally, 
the animals of each class reach larger sizes in regions where 
vegetation is luxuriant, than in those where it is sparse. 

Certain facts of development in both plants and animal^, 
illustrate still more difeetlv the tnfth we are considering. In 
pursuant* of a suggestion made by Mr. (afterwants Sir Williflm) 
Grove, Dr. Carpenter pointed out that* a connexion between 
physical and vital forces is exhibited during incubation. The 
transformation of the unorganized contents of an egg into the 
organized chick is a question of heat- ^withhold heat and the 
process does not commence; supply heat and it goes on while 
the temperature is maintained, but ceases when the egg is allowed 
to cool. The developmental changes ran* be completed only by 
keeping the temperature with tolerable constancy at a definite 
height for a definite time; that is—only by supplying a definite 
quantity of heat. Though the proclivities of the molecules 
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determine the typical structure assumed, jjet the energy supplied 
by the thermal undulations gives them the power of arranging 
themselves into tliat structure. In the metamorphoses* of insects 
we may discern parallel farts. The hatching of their eggs is 
determined by temperature, is is also the evolution of the pupa 
into the imago; and both trc accelerated or retarded according as 
heat is artificially supplied or withheld. It will suffice just to add, 
that the germination of plants presents like relations *of cause and 
effect, as every season shows. * 

Thus then the various changes exhibited by the organic creation, 
whether considered as a whale, or in its two great divisions, or in 
its individual members, conform, so far as we can ascertain, to the 
general principle. 

| 71. Even after all that has been sfiTd in the foregoing part of 
this work, many will be alarmed by the assertion that the forces 
which we distinguish as mental, come within the same generaliza¬ 
tion. Yet there is no alternative but to make this assertion : the 
facts which justify, or rather which necessitate, it being abundant 
and conspicuous. At the same time they arc extremely involved. 
The essential correlations occur in organs which are mostly invisible, 
and between forces or energies quite other than those which are 
apparent. Let us first take a superficial view of the evidence. 

The modes of consciousness called pressure, motion, sound, light, 
heat, are effects produced in us by agencies which, as otherwise ex¬ 
pended, crush or fracture pieces of matter, generate vibrations in 
surrounding objects, cause chemical combiftations, and reduce sub¬ 
stances from a solid to a*liquid fonn. Hence if we regard the 
changes of relative position, of aggregation, or of chemical union^ 
thus arising, as being transformed manifestations of certain 
energies; so, too, must we regard the sensations which such energies 
produce in us. Any hesitation to admit this must disappear on 
remembering that the last correlations, Jike the first, are not 
qualitative only but quantitative. Masses of matter which, by 
scales or dynamometer, are shown to differ greatly in weight, differ 
as greatly in the feelings of pressure they produce oh our bodies. 
In arresting moving objects, the strains we are conscious of are 
proportionate to the momenta of suck objects as otherwise 
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measured. The impressions qf sounds given to us by vibrating 
strings, bells, or columns of air, are found to vary in strength with 
the amodht *of force applied. Fluids of solids proved to be 
markedly contrasted in temperature »by the different degrees of 
expansion they produce in the mercurial column, produce in us 
correspondingly different degrees of tlfe sensation of heat. And 
unlike intensities in our impressions of light, answer to unlike 
effects as measured by photometers. 

Besides the correlation atld equivalence between external physical 
forces and the mental forces generated by them under the form of 
sensations, there appears to be a correlation and equivalence 
between sensations and those physical forces which, in the shape of 
bodily actions, result from them. In addition to the excitements 
of secreting organs, soft;tfjnies traceable, there arise contractions of 
the involuntary muscles. "Sensations increase the action of the 
heart, ami recent experiments imply that the muscular fibres of the 
arteries $re at the same time contracted. Hie respiratory muscles, 
too, are stimulated. The rate of breathing is visibly and audibly 
augmented both by pleasurable and painful excitements of the 
nerves, if these reach any intensity. When the quantity of sensa¬ 
tion is great, it generates contractions of the voluntary muscles, as 
well as of the involuntary ones. Violent pains cause violent 
struggles. The start that follows a loud sound, the wry face pro¬ 
duced bv an extremely disagreeable taste, the jerk with which the 
hand or foot is snatched out of very hot water, exemplify the 
genesis of motions by /eelmgs; and in these cases it is manifest 
that the quantity of bctlily action is proportionate to the quantity 
of sen&tion. Even where pride causes*suppression of the screams 
and groans expressive of great pain (also indirect results of muscular 
contraction), we may still see in Ihe clenching of the hands, the 
knitting of the browse and the setting of the teeth, that the bodily 
actions excited are as great, though Jess obtrusive in their 
results. If we Jake emotioTis instead of sensations, we find 

the correlation and equivalence similarly suggested. Emotions of 
moderate intensity, like sensations of moderate intensity, generate 
little beyonil excitement of the he&ct and vascular system, joined 
sometimes with increased action of glandular organs. But as the 
emotions rise in strength, the muscles of the face, body, and lflnbs, 
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begin to move. Of examples mqy be mentionAl the frowns, 
dilated nostrils, and stampings of anger; the contracted brows, 
and wrung hands, of grief; the laughs and leaps of joj?; the frantic 
struggles of terror or despair. Passing over cases in whicjh 
extreme agitation causes fainting, we see that whatever be the 
kind of emotion, there is it manifest relation between its amount 
and the amount of muscular action induced, from the fidgetiness 
of impatience up to the almost convulsive movements accomjiany- 
ing great mental agonv. 'fo these several orders of 

evidence must be joined the further order, that between feelings 
and those voluntary motionw which result from them, there comes 
the sensation of muscular tension, standing in manifest correlation 
with both—a correlation that is distinctly quantitative: the sense 
of strain varying, other things equal, djpsetiy as the quantity of 
momentum generated. 

§ 71a. But now, reverting to the caution which preceded these 
two paragraphs, we have to note, first, that the facts do not prove 
transformation of feeling into motion hut only a certain constant 
ratio between feeling and motion ; and then we have further to 
note that what seems a direct quantitative correlation is illusory*. 
For example, tickling is followed by almost uncontrollable move¬ 
ments of die limlis ; but obviously there is no proportion between 
the amount of force applied to the .-urfarc and the amount of 
feeling or the amount of motion : rather there is an inverse 
proportion, for while a rough touch does not produce the effect a 
gentle one does. Even when* it is recognised that the feeling is 
not ‘ the correlate of the external touching action but # of a 
disturbance in certain terminal tactile structures, it still remains 
demonstrable that there is no necessary relation between the 
amount of such disturbance and die amount of feeling produced; 
for under some conditions muscular motion results without the 
intercalation of any feeling. When the spinal cord has been so 
injured as to cut off*all nervous communication between the lower 
part of the body and the brain, tickling the sole of the foot 
produces convulsion of the leg more violent than it would do were 
it accompanied by sensation : there is a reflex transmission of the 
stimulus and genesis of motion without passage through conscious* 
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ness. Cases of another class, show that between central feelings 
or emotions and the muscular movements they initiate there are no 
fixed ratios :* instance the sense of effort Yelt in making a small 
movement by one who is exhausted, ow the inability of an enfeebled 
patient to raise a limb from the ixxf however strong the desire to 
do it So that neither the feelings perfjphemlly initiated nor those 
centrally initiated, though they are correlated with motions, are 
quantitative!)* correlated. Even still more manifest liecoraes the 
lack of direct relation, either qualitative or quantitative, between 
outer stimuli and inner feelings or between such inner feelings 
and muscular nfbtions, when we contcaiplate the complex kinds of 
mental processes. The emotions and actions of a man who lias 
been insulted are clearly not equivalents of the sensations produced 
by the worth in liis for the same wools otherwise arranged, 

woultl not liave caused then*. The things said bears to the mental 
uction it excites, much the same relation that the pulling of a 
trigger Wars to the sul*«equont explosion—-does not produce the 
power but merely litierates it. Whence, then, arises this immense 
amount of nervous energy which a whisper or a glance may call 
forth ? 

Evidently we sj^ill go utterly wrong if the problem of the 

transformation and itjuivalenta* of forces is dealt with as though 

an organism wore simple and passive instead of living complex 

and active. In the living 1hk.1v there are already going on 

multitudinous transformations of energy very various in their 

natures, and between jam* phvsical action falling on it and iuiv 
• * ' * # v ^ • 

motion which follows, there are intercalated numerous changes of 
kind jsmd quantity. The fact of chief significance for us lure, is 
that organization is, under one of its aSpeets, a set of appliances 
for the multiplication of energies—appliances which, hv their 
successive actions, make the energy eventually given out enormous 
as compared with the energy which liberated it. A physical 
stimulus affecting an qrgtui of senAi, is in some cases multiplied by 
local nervous agents; the augmented.energy is again multiplied in 
some part of the spinal cord or in some higher ganglion; and 
this, usually again’ multiplied in thy cerebrum and discharged to 
the muscles, is there enormously multiplied in the contracting 
fibres. Of these transformations only some carried on centrally 
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have accompanying states of consciousness; so ttiat, manifestly, 
there can be no quantitative equivalence cither between the 
sensation and the origihal stimulus or between it ancf the eventual 
motion. All we can say » that, other things equal, thc^ thrjje 
vary together; so that if in one cane the successive stages of 
increase are 1, 9, 27, 270, they will in another case be 2, 18. 54, 
540. This kind of correlation is all which the foregoing hu ts 
imply. But now let us glance at the indirect evidence# which 
confirm tlie view that mental and physical forces are connected, 
though in an indirect way. 

Nowadays no one doubts that mental processes jmd the resulting 
actions are contingent on the presence of a nervous system ; and 
that, greatly ol*scured as it is by numerous and involved con¬ 
ditions, a general relation may Ik* trace^b^tween the size of this 
system anti the quantity of mental action as measured bv its 
results. Further, this nervous apparatus has a chemical constitu¬ 
tion on which its activity depends; and there is one element in 
it between the amount of which anti the amount of function 
performed there is an ascertained connexion : the proportion of 
phosphorus present in the brain being the smallest in infancy, 
old age, and idiotcy, and the greatest dupng the prime of 
life. Note, next, that the evolution of thought, and emo¬ 

tion varies, other things equal, with the supply of blood to the brain. 
On the one hand, an arrest of the cerebral circulation from stoppage 
of the heart, immediately entails unconsciousness. On the other 
hqnd, excess of cerebral circulation (unless it is such as to cause 
undue pressure) results in unusual excitenlent. Not the 

quantity only, but also the condition, of the blood passing through 
the brain, influences the mental manifestations. The arterial 
currents must be duly aerated, to produce the normal amount of 
cerebration. If the blood is not allowed to exchange its carbon 
dioxide for oxygen, there results asphyxia, with its accompanying 
stoppage of ideas and feelings. 'That the quantity of consciousness 
is, other things equal, determined by the constituents of the blood, 
is unmistakably seen in the exaltation which certain vegeto-alkalies 
commonly produce when taken into it. The*gentle exhilaration 
which tea and coffee create is familiar to all; and though the 
gorgeous imaginations and intense feelings produced by opium and 
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hashish, have been experience^ by few (in this country at feast),, 
the testimony of those who have experienced them is sufficiently 
conclusive. Yet another proof that the fjenesis of the mental 
energies depends on chemical change, is afTorded by the fact that 
the efft'te products separated from tf!e blood by the kidneys vary 
in character with the amount of cerebri# action. Excessive activity 
of mind is accompanied by excretion of an unusual quantity of the 
alkaline phosphates. 

| 716. But now- after recognizing the classes of farts which unite 
to prove that the law of metamorphosis and in a partial way the 
law of equivalence, holds lie tween physical energies and nervous 
energies, let us enter iijxjn the ultimate question—What is the 
nature of the relation la-tween nervous energies and mental states? 
how are we to conceive mohTular cluuiges in the brain as producing 
filings, or feelings as producing molecular changes which end in 
motion ?• 

In his lecture on Animal Automatism, Prof. Huxley set forth the 
proqfs that alike in animals and in Man, the great mass of those 
complex actions which we associate with purpose and intelligence 
may lie performed automatically; and contended that the con¬ 
sciousness which ordinarily accomjianies them is outside the series 
of changes constituting the nervous co-ordination—does not form a 
link in the chain but is simply a concomitant ” or a “collateral 
product.” In so far as it correlates the nervous actions by which 
our bodilvand mental activities are carried on, with physical forces 
in general. Prof. Iiuxlei’s conclusion'accords w ith the conclusions 
above $et forth ; but in so far as it ’regards the accomjian ring 
states of consciousness as collateral produtfls only, and not as factors 
in any degree, differs from them. * Here I cannot do more than 
indicate the set of evidences bv which I think my own conclusion is 
supported if not justified. 

One of them we haye in the facts of habit, which prove that 
states of consciousness, which were .at first accompaniments of 
sensory impressions and resulting motions, gradually cease to be 
concomitants. The little boy who js being taught to read has 
definite perceptions and thoughts aliout the form and sound of 
each letter, but in maturity all these have lapsed, so that only the 
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.words are consciously recognised: ^rh Mm produce s its eff ect 
automatically. So, loo, the girl learning to ktut I* absorbed in 
thinking of each movement made under the direction of her eye*, 
but eventually the movements come to be perfumed almost lifce 
those of a machine while her mind is otherwise occupied. Such 
cases seem at variance witfi the lielicf that comcioitarws* i* truXskk 
the lines of nervous communication, and suggest, ttthcr, that it 
exists in any line of communication ifi course of estahbdmwmt and 
disappears when the communication Iteomc* perfect If it is not 
a link in the line, it is not can to sec U these changes can arts*-. 

Svmdrv facts appear to amply that oms tmutt-*,* u nefdfttl as 
an initiator in where then an* no external stimuli to ni up 

the co-ordinated ncnmi* choirs: the mrvstructures,, though 
tvifvihk- of doing ewr\ thing nspim-d^f *< * going, arc not *ct 
going unless t here arises an idea. N*»» this implies that an idea, 
or co-ordinated wt of feelings ha* the {»o«er of working change* 
in the nervous centres and setting up motions : the statr of con¬ 
sciousness is a factor. 

Then what we may call passive emotions—-emotion* which do 
not initiate actions—apparently imply that lictwcvn feelings ami 
nervous changes there is not merely a court uni tame hut a physical 
nfjeus. Intense grief or anxiety in one who remain* motionless, 
is shown to lie directly dependent on nervous change* by the fact 
that there is an unusual excretion of phosphate* by the kidm-vs. 
Now unless we supjxise that in such cases there* is great activity of 
certain nervous plexuses ending in nothing, we must say that the 
feeling is a product of the molecular changes in them. 

©uce more there is the question—If feeling is not a factor how is 
its existence to be accounted for ? To any one who hold* in full 
the Cartesian doctrine that animal* are automata, and that a howl 
no more implies feeling than does the bark of eC toy dog, I have 
nothing to say. But whoever docs not hold this is obliged to 
hold tliat as we ascribe anger and affection to our fellow men, 
though we literally know no such feelings save in ourselves, so 
must we ascribe them to animals under like conditions. If so, 
however—if feelings arc no* factors and the appropriate actions 
might be automatically performed without them—then, on the 
supernatural hypothesis it must be assumed that feelings were 
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given to animals for no purpose, and on the natural hypothesis it 
must be assumed that they have arisen to do nothing. 

# § 71c. But whether feeling is only a concomitant of certain 
ncrvoiftt actions, or whether it is, as'concluded above, a factor in 
such actions the connexion between the two is inscrutable. If we 
suppose that in which consciousness inheres to be an immaterial 
something, not implicated id these nervous actions but neverthe¬ 
less affected by them in stleh way as to produce feeling, then we 
are obliged to conceive of certain material changes—molecular 
motions —as producing changes in something in which there is 
nothing to lie move*!; and this we cannot conceive. If, on the 
other hand, we regard this something capable of consciousness, as 
so related to certain ftervous changes that the feelings arising in 
it join them in pmducing'uuwular motions, then we meet the 
Mime difficulty under its converse aspect. We have to think of 
an immaterial something — a something which is not molecular 
motion—which is mpthie of affecting molecular motions : we have 
to endow it with the jxiwer to work eth-cts which, so far as our 
knowledge goes, ran lx.* worked only by material forces. So that 
this jiltrrmitive, t»x\ is in the last report inconceivable. 

The only supjx>sition having consistency is that that in which 
consciousness inheres is the all-p-rvading ether. This we know 
can lx* affected by molecules of matter in motion and conversely 
can affect the motions of molecules; as witness the action of light 
on the retina. In purynince of tljis supj>osition we may assume 
that the ether which jftrvmles not only all space but all matter, 
is, undtff* spaial conditions in certain parts of the nervous system, 
capable of tx*ing affected by the nervous changes in such way as 
to result in feeling, and is reciprocally capihle under these con¬ 
ditions of affecting the nervous changes. But if we accept this 
explanation we must assume that the potentiality of feeling is 
universal, and that the; evolution of feeling in the ether takes 
place only under the extremely complex conditions ixxurring in 
certain nervous centres. This, however, is. hut a semblance of an 
explanation, since we know not wlnit, the ether is, and since, by 
the confession of those most capihle of judging, no hypothesis 
that has been framed accounts for all its ixiwers. Such an explana- 

1* 
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tion may be said to do no more thjm symbolize the phenomena by 
symbols of unknown natures. 

Thus though the facts oblige us to say that' physical and 
psychical actions are correlated, and in a certain indirect way 
quantitatively correlated, so as to suggest transformation, yet 
how the material affects the mental and how the mental affects 
the material, are mysteries which it is impossible to fathom. But 
they are not profounder mysteries than the transformations of the 
physical forces into one another. They are not more completely 
beyond our comprehension than the natures of Mind and Matter. 
They have simply the same insolubility as all other ultimate 
questions. We can learn nothing more than that here is one of 
the uniformities in the order of phenomena. 

( M 

§ 72. If the general law of transformation and equivalence 
holds of the forces we class as vital and mental, it must hold also 
of those which we class as social. Wliatever takes place in a 
society results either from the undirected physical energies around, 
from these energies as directed by men, or from the energies of 
the men themselves. 

While, as among primitive tribes, men's actions are mainly 
independent of one another, social forces can scarcely be said to 
exist: they come into existence along with co-oj>eration. The 
efTects which can be achieved only by the joint actions of many, 
we may distinguish as social. At first these are obviously due to 
accumulated individual efforts,, but as fast, as societies become large 
and highly organized, they, acquire such' separateness from indi¬ 
vidual efforts as to give them a character of their own. The net¬ 
work of roads and railways and telegraph wires—agencies in the 
formation of which individual labours were so merged as to be 
practically lost—serve to carry on a social life that is no longer 
thought of as caused by the independent doings of citizens. The 
prices of stocks, the rates of discount, the reported demand for 
this or that commodity, and the currents of men and things 
setting to and from various localities, show us lar^e movements 
and changes scarcely at all affected by the lives and deaths and 
deeds of persons. But these and multitudinous social activities 
displayed in the growth of towns, the streams of traffic in their 
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streets, the thirty issue «nd distribution of newspapers, the delivery 
of food at people’s doors, Ac., are unquestionably transformed 
individual energies, and have the same source as these energies— 
the food which the population consiftnes. The correlation 

of the? social with the physical forces through the intermediation 
of the vital ones, is, however, best shown in the different amounts 
of activity displayed by the same society according as its members 
are supplied with different 'amounts of force from the external 
world. A very bad harvest*]* followed by a diminution of business. 
Factories are worked half-time; railway traffic falls; retailers find 
their sales lessened; and if the scarcity rises to famine, a thinning 
of the population still more diminishes the industrial vivacity. 
Conversely, an unusually abundant supply of fond, occurring under 
conditions not otherwise unfavourable, both excites the old produc¬ 
ing and distributing agencies and sets up new ones. The surplus 
social energy finds vent in speculative enterprises. Lalxnir is 
expended in opening new channels of communication. There is 
increased encouragement to those who furnish the luxuries of life 
and .minister to the aesthetic faculties. There are more marriages, 
anti a greater rate of increase in population. Thus the society 
grows larger, more complex, and more active. When the whole 
of the materials for sul)sistence are not drawn from the area in¬ 
habited, but arc partly imported, the people are still supported 
by certain harvests elsewhere grown at the expense of certain 
physical fortes, and the energies they exjR*nd originate from them. 

If we ask whence ccyne these jjhvsical forces, the reply is «f 
course as heretofore—tlfe Sun's rays. Jlhisetl as tlv£ life of a society 
is on arfimal and vegetal products, and dependent as these are on 
the liglit and heat of the Sun, it follows tlmt the changes wrought 
by men as socially organized, are effects of fofces having a common 
origin with those which produce all the other orders of changes we 
have analyzed. Not only is the energy ^expended by the horse 
harnessed to the plough, and by tfie labourer guiding it, derived 
from the same reservoir as is the energy of the cataract and the 
hurricane; but to this same reservoir are*traceable those subtler 
and more complex manifestations of •energy which humanity, as 
socially embodied, evolves. The assertion is startling but it is 
an unavoidable deduction. 
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Of the physical forces that ape ^irectly a tramfoftned into social 
ones, the like is to be said. Currents of air arid water, which 
before the use of steam were the only agents brought in aid of 
muscular effort for performing industrial processes, an*, as we have 
seen, generated by solar heat. Ami the inanimate power that 
now, to so vast an extent,* supplements human lalrour, is similarly 
derived. Sir John Herschcl was the first to recognize the truth 
tliat the force impelling a loeomotiVe, originally emanated from 
the Sun. Step by step we go track"—from the motion of the 
piston to the evaporation of the water; thence to the heat 
evolved during the burning of coal; tlirncc to" the assimilation 
of carbon by the plants of whose inilaslded products coal consists; 
thence to the carbon di-oxide from which their cnrlxm was obtained ; 
and thence to the rays of light which effected the de-oxidation. 
Solar forces millions of years ago expended on the Earth’s vegeta¬ 
tion, and since locked up in deep-seated strata, mm smelt the 
metals required for our machines, turn the lathi's by which the 
machines are shajred, work them when put together, ami distribute 
the fabrics they produce. And since economy of lalrour makes 
possible a larger population, gives a surplus of human jxiwcr that 
would else Ire alrsorlrcd in manual occupations, and thus facilitates 
the development of higher kinds of activity; these social forces 
which are directly correlated with physical forces anciently derived 
from the Sun, are only less important than those of which the 
correlates are the vital forces recently derived from it. 

§ 73. Many who admit .that among physical phenomena at 
lar^e, transformation of forces is now established, will prolrably 
say that inquiry has not yet gone far enough to enable us to 
assert equivalence. And in respect of the forces classed as vital, 
mental, and social, the evidence assigned they will consider by 
no means conclusive even of transformation, much less of 
equivalence. 

But the universal truth above followed out under its various 
aspects, is a corollary 'from the persistence of force. From the 
proposition that force can -neither come into existence nor cease 
to exist, the several foregoing conclusions inevitably follow. Each 
manifestation of force can be interpreted only as the effect of some 
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antecedent forge: no ^natter whether it l)e an inorganic action, 
an animal movement, a thought, or a feeling. Either bodily and" 
. mental energies^ as well as inorganic ones, are quantitatively 
correlated to certain energies expended in their production, and 
tft certain other energies which they initiate; or else nothing 
must b«*conie something ami something must become nothing. 
The alternatives are, to deny the |>e insistence of force, or to 
admit that from given amounts of antecedent energies neither 
more nor less than certain physical and psychical changes can 
result r I*his corollary cannot indeed be made more certain 

by accumulating illustrations. Whatever proof of correlation and 
equivalence is reached by experimental inquiry, is based on measure¬ 
ment of* the forces expended and the forces produced. Hut, as 
was shown in Uu* hist •chapter, any such process implies the use of 
some unit of force which isxissumed to remain constant; and its 
eonstnnev can !*■ assumed otdv as lieing a corollary from the 
persisti-nre of forex*. How tlu*n ran any ivusiming InixiI on thr 
corollary, prove the equally dinvt corolla!y that when a given 
quantity of force ceases to exist under one form, an equal quantity 
must* come into existence under some other form or forms t 

“ What, then." it mav In- asked, ** is the use of investigations 
bv which transformation and equivalence of fones is sought to be 
inductively established - if the correlation cannot be matle more 
certain bv them than it is already, does not their uselessness 
necewirilv follow-" No. They are of value as disclosing tiie 
many jwirtieular implications which the general truth does not 
sjH-eifv. They are t»f value as teaciting us how much of one mode 
of force*is the equivalent of so much ut* another rtiode. They .are 
of vnlilb as detennining under what conditions each metamorphosis 
occurs. And they are of value as ‘leading us to inquire in what 
shape the remnant of force has escaped, when' the apparent results 
are not equivalent to the cause. 



CHAPTER* IX 


THE DIRECTION* OF MOTION 

| 74. The Absolute Cause of changes, no matter what may be 
their special natures, is not less incomprehensible in resjxvt of the 
unity or duality of its action, than in all other resjxvts. Arc 
phenomena due to the variously-conditioned workings of a single 
force, or are they due to the conflict of two force* r Whether 
everything is explicable on the hypothesis of universal pressure, 
whence so-called tension results differentially from inequalities of 
pressure; or whether things are to be explained on the hypothesis 
of universal tension, from which pressure is a differential result; or 
whether, as most physicists hold, pressure and tension everywhere 
co-exist; are questions which it is impvcsible to settle. Each of 
these three suppositions makes the facts comprehensible only by 
postulating an inconceivability. To assume a universal pressure, 
confessedly requires us to assume an infinite plenum—an unlimited 
space full of something which is everywhere pressed by something 
beyond; and this assumption cannot lx* itfont-itlly realized. That 
universal tension* is the agency is an idea open to a piraHel and 
equally fatal objection. •'And verbally intelligible as is thfc pro¬ 
position that pressure and trtision everywhere co-exist, yet we 
cannot truly represent to ourselves one ultimate unit of matter as 
drawing another while resisting it. 

Nevertheless, this last belief we are compelled to entertain. 
Matter cannot be conceived except as manifesting forces of attrac¬ 
tion and repulsion. In t our consciousness, Body is distinguished 
from Space by its opposition to our muscular energifcs; and this 
opposition we feel under the twofold form of a cohesion which 
hinders our efforts to rend, and a resistance which hinders our 
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efforts to comptjsw. Without r&istance there can be nothing but 
empty extension. Without cohesion there can be no resistance.' 
. Proljably thimcogccption of antagonistic forees originates from the 
antagonism of our flexor and extensor piusclcs. But be this as it 
nfay, we are obliged to think of alt objects as made up of {>arts 
that attract and repel one another, sinae this is the form of our 
experience of all objects 

By a high A" abstraction results the conception of attractive 
ant! repulsive forces pervading spare.* We cannot, dissociate force 
from occupied extension, or occupied extension from force, Ixxause 
we have never ai* imimHliate consciousness of either in the ahsence 
of the other. Nevertheless, we have abundant proof that force is 
exercised through what ap}x*ars to our senses a vacuity. Mentally 
to represent this exercise, we arc hence obliged to fill the apparent 
vacuity with a sjiecies of •matter—an ethereal medium. The 
constitution we assign to this ethereal medium, however, is 
necessarily an abstract of the impressions receive! from tangible 
bodies. The opposition to pressure which a tangible bod\ idlers to 
us, is not shown in one direction only, but in ail directions ; and so 
likewise is its tenacity. Supjxxse countless lines radiating from its 
centre, ami it resists along each of these lines ami coheres along 
each of these lines. Hen<*e the constitution of those ultimate units 
through the instrumentality of which phenomena are interpreted. 
Be they molecules of ponderable matter or molecules of ether, 
the pro{xrties we conceive them to possess are nothing else than 
these perceptible projxTties idealized. Centres of force attracting 
and rejxdling one limirfier in all directions, are simply insensiffle 
jKirtioiw of matter having the emloWnents cuiflmun to aemyble 
portiohs of matter—endowments of which we cannot by any 
mental effort divest* them. In brief, they are the invariable 
elements of the conception of matter, abstracted from its variable 
elements—size, form, quality, Jkc. And so to interpret manifesta¬ 
tions of force which cannot lx? tactuaHy*expenenced, we use the 
terms of thought supplied by our tactual experiences; and this for 
the sufficient reason that we must use these or none. 

It needs scarcely be said that these universally co-existent forces 
of attraction anti repulsion, must not *be taken as realities, hut as 
our symbols of the reality. They are the forms under whichsthe 
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workings of the Unknowable are cognizah^ by uv-mode* of the 
Unconditioned as presented under tfie conditions of our conscious¬ 
ness. How these ideas stand related to the ajisohite truth we 
cannot know, but we may upreservedlv surrender ourselves to them 
as relatively true, and may proceed to evolve a series of dedartioAs 
having a like relative truths 

§ 75. Universally co-existent forces of attraction find repulsion 
imply certain laws of directiorf of all movement. Where attractive 
forces alone are concermil. or rather are alone appreciable, move¬ 
ment takes place in the direction of their resultant; which may, 
in a sense, be called the lint 1 of greatest traction. Where repulsive 
forces alone are concerned, or nit her are alone appreciable, move¬ 
ment takes place along their resultant ; which is usually known 
as the line of least resistance. And* where Ixith attmrtive and 
repulsive forces are concerned. and are appreciable, movement takes 
place along the resultant of the tractions and resistances. Strictly 
speaking this last is the sole law ; since, hv the hvjMithesis lx>th 
forces are everywhere in action. But very frequently the one kind 
of force is so immensely in excess, that the effect of the other’kind 
may be left out of consideration. Practically, we may say that a 
body falling to the Earth follows the line of greatest traction ; 
since, though the resistance of the air must, if the body la* 
irregular, cause some divergence from this line (quite perceptible 
with feathers and Waves), yet, ordinarily, the divergence is so slight 
that we may disregard it. In the same manner, though the 
courses taken by steam from r.i'i cxploding’*boil*r, differ somewhat 
frorp those whitfh it woiXd take were gravitation out «of the 
question ; yet, as gravitation affects its courses only infinitesfmally, 
we are justified in saying that the escaping steam goes along lines 
of least resistance. 'Motion, then, always follow’s the line of 
greatest traction, or the line of least resistance, or the resultant 
of the two ; and though'the last is alone strictly true, the others 
are in many cases sufficiently near the truth for practical purposes. 

Motion net up in any direction is itself a cause of further motion 
in that direction, since it is the manifestation of a surplus force in 
that direction. This holds equally with the transit of matter 
through space, the transit of matter through matter, and the 
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transit through matter # of an^k*nd of vibration. In the cane of 
matter moving through space, this principle is expressed in the law 
of inertia - a4awhich all the calcu!ations«of physical astronomy 
assume. In the case of matter moving through matter, we trace 
the smne truth under the familiaf exjK*rience that apy breach 
mailc by one soli<l through another, of any channel formed by a 
tluid through a solid, liecomes a route along which, other things 
equal, suiiset^ient movements of like nature most readily take 
place. And in the case of motion passing through matter under 
the form of an impulse communicated from part to part, the facts 
of niagnetuatkv apjtenr to imply tjiat the establishment of 
undulations along certain lines, determines their continuance along 
those lines. 

It further fo!W>ws 4rom the conditions, that the direction of 
movement can rarely if ever*!** j>erfectlv straight. For matter in 
motion to pursue continuously the exact line in which it sets out, 
the forty* of attraction and repulsion must Ik* symmetrically 
disjmsed around its path; and the chances against this are 

I ' tfinitely great. It may l)e added that in projection a* the forces 
k work are numerous ami varied, the line a moving Ixuly descrilies 
[jiecessarily complex : witness the contrast lietuccn the flight of 
tuj arrow and the gyrations of a stick tossed aUmt by breakers. 

As a step towards unitieation of knowledge, we have now to trace 
these* general laws throughout the various orders of changes which 
the Cosmos exhibits. 

| 7b. In the Solflr System the principles thus briefly summarized 
are every instant exemplified. 'Each {Manet aiuf satellite law a 
momentum which would, if acting alone.* carry it forward in the 
direction it is at any Instant pursuing—a momentum which would 
make a straight line its line of Iciest resistance. Each planet and 
satellite, however, is drawn by a force which, if it acted alone, would 
take it in a straight line towards its primary. And the resultant 
of these two forces is that curve which it descrilx*s—a curve conse¬ 
quent on the unsymmetrical distribution of the forces around. 
When more Closely examined, its ymth supplies further illustrations. 
For it is not an exact circle or ellipse, which it would be were the 
tangential and centripetal forces the only ones concerned. Adjacent 
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members of the Solar System, ever varying injtheir relative positions, 
cause perturbations; that is, slight divergences from that circle or 
ellipse which the two thief forces would produce, These pertur¬ 
bations severally show us ,in minor degrees, how the line of 
movement is the resultant oftall the forces engaged ; and how thfs 
line becomes more complicated in proportion as the forces are 
multiplied. 

If instead of the motions of the planets and satellites as wholes, 
we consider the motions of thtflr parts, we meet with comparatively 
complex illustrations. Every j>ortion of the Earth's substance in 
its daily rotation, describes a curve which is in the main a resultant 
of that resistance which checks its nearer approach to the centre of 
gravity, that momentum which would carry it off at a tangent, and 
those forces of gravitation ami cohesion wlach kti-p it from l>eing 
so carried off. When with this axial motion is contemplated the 
orbital motion, the course of each pirt is seen to be i\ much more 
involved one. Ami we find it to have a still greater complication 
on taking into account that lunar attraction which mainly produces 
the tides and the precession of the equinoxes. 

§ 77. We come next to terrestrial changes: present ones as 
observed, and past ones as inferred by geologists. Ix-t us set out 
with the unceasing movements in the Earth's atmosphere; descend 
to the slow alterations in progress on its surface ; and then to the 
still slower ones going on beneath. 

Masses of air, alworbing heat from surfaces warmed by the Sun, 
expand, and ascend; the resistance being jess than the resistance 
to lateral movement. Adjacent ’atmospheric masses, moving in 
the directions of the diminished resistance, displace the expanded 
air. When, again, by the ascent of heated Air from great tracts 
like the torrid zone, there is produced at the upper surface of 
the atmosphere a protuljerance—when the air forming this pro¬ 
tuberant* overflows laterally towards the poles ; it does so liceause, 
while the tractive force of the Earth is nearly the same, the lateral 
resistance is diminished^. And throughout the course of each 
current thus generated, as well as throughout the coftrse of each 
counter-current flowing into the space vacated, the direction is 
always the resultant of the Earth's tractive force and the resistance 
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offered by the surround|jng majses of air : modi Bed only by conflict 
with other currents similarly generated, and by collision with 
prominence* on pie Earth’* crust. The movement* of water, 

in Imth it* gaseous and liquid states# furnish further examples. 
Evaporation is the escape of particles* of water in the direction of 
least resistance; and as the resistant*? (which is due to gaseous 
pressure) diminishes, the evaporation increases. On the other hand 
condensation,*which takes place when any portion of atmospheric 
vapour has it* tenq>erature much loitered, may lie interpreted as a 
diminution of the mutual pressure among the condensing particles, 
while the pressure of surrounding parties remains the same; and 
so is a motion taking place in the direction of 1 owned resistance. 
In the course followed hv the resulting raindrops, we have one of 
the simplest instances of the joint effect of the two antagonist forces. 
The Earth's attraction, and the resistance of atmospheric currents 
ever varying in direction and intensity, give us their resultant*, 
lines wlqch incline to the horizon in countless different degrees 
and undergo perpetual variations. In the course the raindrop* 
take while trickling over the surface, in every rill, in every larger 
stream, and in every river, we sec them descending as straight as 
the antagonism of surrounding objects permit*. So far from a 
cascade furnishing an exception, it furnishes but another illustration. 
For though all solid obstacles to a vertical fall of the water are 
removed, yet the water's horizontal momentum is an obstacle; and 
the {wirnlnila in which the stream leaps from the projecting ledge, 
is generated hv the combined gravitation and momentum. s 

The Earth's solid mM undergoes changes which supply another 
group of illustrations. The denudation bf lands and the depositing 
of the’removed sediment in new strata at *the lx>ttoms of sea* and 
lakes, is a process thrftughout whieh'motion is obviously determined 
in the same way as is that of the water effecting the transport. 
Again, though we have no direct inductive proof that the forces 
classed as igneous, expend themselves along lines of least resistance, 
yet what little we know of them is in harmony with the belief that 
they do so. Earthquakes continually revjsit the same localities, 
anti special tracts untlergo for long periods together successive 
elevations or subsidences: facts which imply that already-fractured 
portions of the Earth's crust are those most prone to yield urJtler 
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the pressure caused by further contraction*. The distribution of 
volcanoes along certain lines, ns well ns the frequent recurrence of 
eruptions from the same vents, are facts of like meanAig. 

* 

§ 78. That organic growth*takes place in the direction oT least 
resistance is a proposition ^et forth and illustrates! by Mr. James 
Hinton, in the Medico-Chirurgutii for October, 1858, 

After detailing a few of the early observations which led him to 
this generalization, he formulates it thus:— 

“Organic form is the result of motion.” 

“ Motion takes the direction of least resistance.'' 

“Therefore organic form is the result of motion in the direction of least 
resistance-" 

After an elucidation and defence qf this position, Mr. Hinton 
proceeds to interpret, in conformity with it, sundry phenomena of 
development. Speaking of plants, he says : — 

v 

“Tlie formation of the r>*>t furnishes a U-anufu! illustration of the law of 
least resistance. f<>r it grows hy in.-: minting it.—- If. cell by cell, through the 
interstice* of the *>i! ; it is hv sui h minute ai hti -ns that it increases, winding 
and twisting whitie-ii*«-ver the it meets in iu jiath detenu me, and 

growing there must, where the nutritive material# are added to it m<*t 
abundantly. A# we look on the root* of a mighty tree, it apj»-ars tout a* it 
they bad forced th.-imv’.ve# with giant violence mt>> the solid earth. But it is 
not bo ; they were led on gently, cell »d i.-d to cell, w.ftly as the dew* descend'd, 
and the loaned earth made way. <'ve formed, indeed, they exjtand with an 
enormous power, but the -jwngy on i it ion of the growing radicles utterly for¬ 
bids the supposition that they an forced into tin '-arth. f # it r*v»t provable, 
indeed, tliat the enlargement of*the roas alreivly formed may crack the 
surrounding soil, arid help to nlhke the ftitersticea into which the new rootlet* 
grow 1***i 

“ Throughout alm'*t the whole of, organic nature the spiral form ia more or 
less distinctly marked. J»ow, motion under resistance takes a spiral direction, 
as may he seen bv the motion of a body rising or falling through water. A 
bubble rising rapidly in water descriU-s a sjiiral closely resembling a corkscrew, 
and a body of moderate specific gravity dropjied into water may be seen to fall 
in a curved direction, the spiral tendency of which may be distinctly ob¬ 
served. * * * In this prevailing spiral form of organic bodies, 

therefore, it appears to me, that there is presented a strong ptima facie case 
for the view I have maintained. * * * The spiral form of the 

branches of many trees is very apparent, and the universally spiral arrange- 
mecU of the leaves around the stem of plants needs only to be referred 
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to. * * ,♦ T^<> heart ^cbinnumcea an a spiral turn, and in it* 

perfect form a mnnife-t spiral may be traced through the left ventricle, right 
ventricle, right auricle, lift auricle and apiwndix. Jixvl what is the spiral turn 
in which the Ueart*cmnmencea but a m-'vs*ary result of the lengthening, under 
a limit, of the cellular inass of which it then cbii-unt* ? * * * 

“ Every one must have noticed the jmculi&r curling up of the young leaves of 
the common fern. The appearance is as if thw>l«nf were rolled up, but in truth 
this form is merely a phenomenon of growth- The curvature results from the 
iucnvuM of theieaf, it is only another form of the wrinkling up, or turning at 
right angles by extension under limit. 

“The rolling up or imbrication of the petals in many flower-buds is a similar 
thing ; at an early [»-rb*l the small jietals may U* seen lvirnr side by side : 
afterward* growing within the cajs-ule, tji.y U-iume folded round one 
another. * * « 

“ If a flower-bud lx- ojwtied at a -i -utly early peri'*!, the stamens will be 
found as if moulded m t> s — cavity N »wc-n tlie pistil an I the corolla, which 
cavity the anthers exactly till ; the stalks lengthen at an after j«rri'»i. I have 
noticed a!w> iir.a few itis'.-m-'oa, that in tie«*• :! -wers m which the j<eta!s are 
imbricated, <>r twisted tog'tle-r, th*- pistil ii tap': mg as irr-wmg up b-‘‘.w*i'n the 
p*-tals ; in irniir flowers whi. i. Live th>* >-ta!s so arrantte i the bud as t»> form 
a dome (ns the hawthorn ; *b the p;*ul is tl.itt--n-i at the aj>ex, and in the 
bud o>-cupis* a sj*a<e precisely limited ithe sMtuens W'-w, a:«d the cncl-eiug 
js-uis al*>ve and at the sides. I have n .t, however, satisfied tuy-elf that this 
holds gmsi iu all caw*." 


Without endorsing all Mr. Hinton's illustration*, his conclusion 
nmv lie accepted as a large instalment of the truth. But in the 
case of organic growth, as in all other cases, the line of movement 
is in strictness the resultant of tractive ami resistant forces; and 
the tractive fortes here form so considerable an element that J.he 
formula is not complete without them. The shajies of plants are 
manifestly modified hv gravitation. 'Die direction of each branch 
is not what it would have lieen in the absence of the pull exercised 
bv the Earth; and every flower and leaf" is somewhat altered in 
the course of development by the weight of its parts. Though in 
animals such effects are less conspicuous, yet the instances in which 
flexible organs have their directions in great measure determined 
by gravity justify the assertion that throughout the whole organism 
the forms of parts must lie affected by this force. 

The organic movements which constitute growth, are not, however, 
the only organic movements to be interpreted. There are also those 
which constitute function ; and throughout these the same general 
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principles are discernible. That thf vessel* and ducts along which 
blood, lymph, bile, and all the secretions, find their ways, are 
channels of least resistance, is an illustration almost tdo conspicuous ' 
to be named. Less conspicuous, however, is the truth that the 
currents setting along these* vessels are affected by the tractive 
force of the Earth: witn&s varicose veins; witness the relief to 
an inflamed |»art obtained by raising it; witness the congestion of 
head and face produced by stooping. And in the facts that 
dropsy in the legs gets greater bv day rfnd decreases at night, while, 
conversely, that trdematous fulness under the eyes common in 
debility grows worse during the hours of reclining anti decreases 
after getting up, we see how the transudation of liquid through the 
walls of the capillaries, varies according as change of position changes 
the effect of gravity in different parts of the *oodv*. 

It may be well just to note the bearing of the principle on the 
development of species. From a dynamic point of view, “ natural 
selection’" implies structural changes along lines of least resistance. 
The multiplication of any kind of plant or animal in localities 
that are favourable to it, is a growth where the antagonistic forces 
are less than elsewhere. And the preservation of varieties which 
succeed better than their allies in coping with surrounding addi¬ 
tions, is the continuance of vital movements in those directions 
where the obstacles to them are most eluded. 

§ 79. Throughout mental phenomena the law enunciated is not 
readily established. In a large part of th^m. as those of thought 
and emotion, there is no perodptible movement. Even in sensation 
andr&ction, which show us 1 in one*part of the body an effect pro¬ 
duced by a force applied* to another part, the intermediate move¬ 
ment is inferential only. Some suggestions may lie made however. 

A stimulation implies a force added to, or evolved in, that j»art 
of the organism which is its seat; while a mechanical movement 
implies an expenditure or loss of force in thfit part of the organism 
which is its seat. implying some tension of molecular state between 
the two localities. Henpe if, in the life of a iniuute animal, there 
are circumstances involving that a stimulation in one particular 
place is habitually followed by a contraction in another particular 
place—if there is thus a repeated motion through some line of 
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least resistance»betwee^ these^pfaces; what mast be the result as 
respects the line? If this line—this channel—is affected by the 
discharge—ifthe obstructive action of the tissues traversed, involves 
any reaction upon them, deducting from their oInstructive power; 
then ft subsequent motion between tAese two points will meet with 
less resistance along this channel tha«! the previous motion met 
with, and will consequently bike this channel still more decidedly. 
Every rejH»tition will further diminish the resistance offered; and 
thus will gradually la* fonnfcd a permanent line of communication, 
differing greatly from the surrounding tissue in respect of the ease 
with which forte traverses it, lienee in small creatures may 
result rudimentary nervous connexions. Only an adum¬ 

bration of nervous processes, thus hinted as conforming to the 
general law, is "here • jmssihle. Hut the effects of asxx-iations 
between impegssions and motions, as seen in habits, all yield illus¬ 
trations. knitting, in reading aloud, in the jierformance of 
the skilh**i pianist who talks while he play*., we have examples of 
the wav in which channels of nervous communication are eventually 
made so permeable by perpetual discharges along them as to bring 
about a state almost automatic or reHex : illustrating at once the 
fact, that molecular motion follows lines of least resistance, and 
the fact that motion along such lines, by diminishing the resist¬ 
ance, further facilitates the motion. Though qualifications arising 
in the same manner as those indicated in the la»t chapter, compli¬ 
cate these nervo-motor prwesses in ways which cannot here be 
followed, they do not conflict with the law set forth. Moreover 
they are congruous with the principle that in projxirtion to the 
frequeift-v with which any external connexion of phenomena is ex¬ 
perienced, will be the strength of the answering internal connexion 
of nervous states. In this way will arise all degrees of cohesion 
among nervous states, as there are all degrees of commonness 
among the surrounding co-oxistences and sequences that generate 
them. Whence must result a general correspondence between 
associated ideas and associated actions in the environment.* 

* Thi* paragraph is a re-statement, somewhat amplified, of an idea set forth 
in the Meitco-Ch\rur<?ual Review for January, 1W)9 (pj*. 189 and 190), and 
contains the germ of the intended fifth jxirt of the J'rincipUs of Rrycholofy, 
whuh was witliheld fur reasons given in the preface to that work. 
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The relation between emotions ^and actions may be similarly 
construed. Observe what happens with emotions which are un¬ 
directed by volitions. - As was pointed out in *he last, chapter, 
there result movements of the involuntary and voluntary muscles, 
that hre great in proportion as the emotions are strong. 1ft 
remains here to add that 1 -the order in which these muscles are 
affected conforms to the principle. A pleasurable or painful 
feeling of but slight intensity does little more than increase the 
action of the heart. ’Why?' For the reason that the relation 
between nervous excitement and cardiac contraction, being 
common to every species c\f feeling, is the one */f most frequent 
repetition; that hence the nervous connexion, offering the least 
resistance to a discharge, is the one along which a feeble force 
produces motion. A stronger sentiment affects not only the heart 
but the muscles of the face, and especially those arinj-.l the mouth. 
Here the like explanation applies ; since these muscles* being lx>th 
comparatively small and, for purposes of speech, perpetually 
used, offer less resistance than other voluntary muscles to the 
nervo-motor forces. By a further increase of emotion the 
respiratory and vocal muscles become perceptibly excited. Finally, 
under violent passion, the muscles of the trunk and limbs are 
strongly contracted. The single instance of laughter, which is 
an undirected discharge of feeling that affects first the muscles 
round the mouth, then those of the vocal and respiratory 
apparatus, then those of the limbs, and then those of the spine, 
suffices to show that when no special ropte is opened for it, a 
force evolved in the neryous centres produces motion along 
channels which offer the least resistance, and if it is too great 
to escape by these, ptoduces motion along channels offering 
successively greater resistance.* 

Probably it will be*thought impossible to extend this reasoning 
so as to include voluntary acts. Yet we are not without evidence 
that the transition from special desires to special muscular motions 
conforms to the same principle. The mental antecedents of a 
voluntary movement are such as temporarily make the line 
through which this movement is initiated the line least resist- 

* For details see a paper on “*The Physiology of Laughter,” published in 
MavmiUan’t Magazine for March, I860, and reprinted in Keeaye, vol. In. 
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ance. For * vol^ion, suggested a# it in by some previous thought 
joined with it by associations that determine the transition, is 
itself a representation of the movements which are willed, and of 
their sequences. ^3ut to represent in consciousness certain of our 
owh movements, is partially to arouse the sensations accompanying 
such movements, inclusive of those of jnuacular tension—is par¬ 
tially to excite the appropriate motor nerves and all the other 
nerves implicated. That is to .say, the volition is itself an incipient 
discharge along a line whiclaprevioawexperiences have rendered a 
line of least resistance. And the passing of volition into action is 
simply a completion of the discharge. 

One corollary must lie noted ; namely, that the particular set of 
movements by which an object of desire is reached are usually 
movements implying the smallest total of forces to be overcome. 
As the motyin initiated In* each feeling takes the line of least 
resistance, it is inferable that a group of feelings constituting a 
more or liy^complex desire will initiate motions along a series of 
lines of least resistance ; that is, the desired end will be achieved with 
the smallest effort. Doubtless through want of knowledge or want 
of skill or want of resolution to make immediate exertion, a man 
often takes the more laborious of two courses. But it remains true 
that, relatively to his mental state at the time, his course is the easiest 
to him—the one least resisted by the aggregate of his feelings. 

| 80. As with individual men .so is it with aggregations of men. 
Social changes take directions that are due to the joint actions 
of citizens, determined as are those*of all other changes wrougBt 
by composition of forces. 

Thu8 when we note the direction of a nation's growth, we And 
it to he that in which the aggregate of opposing forces is least. 
Its units have energies to be expended in «elf-maintenance and 
reproduction. These energies are met by various antagonistic 
energies—those of geologic origin, thofe of climate, of wild 
animals, of other human races with whom there is enmity or 
competition. And the tracts the society spreads over, are those 
in which th€re is the smallest total of antagonisms while they 
yiehl the best supply of food and other materials which further 
the genesis of energies. For these reasons it happens that fertile 
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valley*, .whew water anil *«#d § %* lg *\ *** «*rty 

peopled. Sea short*, too, wpplylng much •*sfly-g*th*rtd food, 
are line* along whiA mankind hare commoqly tepread. Tim 
general fact that, so far * wt «i* j«dge foom the trace* left by 
them, large societies first appeared in thorn warm region* where 
the fruits of the earth am obtainable with comparatively little 
exertion, and where the cost of maintaining baddy heat » hut 
alight, if a fact of like meaning. And to them inftancea may he 
added the allied one daily ftimi*hcd*by emigration, which we am 
going on toward* countries presenting the fewest obstacles to 
the self-preservation of individuals, and therefore to national 
growth. Similarly with that rwdaner to the movements 

of a societv which neighliouring societies offer. Karh of the 
tribes or nations inhabiting anv region imwwtww in munlen until 
it outgrows its means of sulrtstenfe. In (sch^lrre is thus 
a force ever pressing outwards on to adjacent sas» — a force 
antagonized by like forces in the trilw* or na!i«nr>pmip%mg 
those areas. And the wars that result—the rompiesU of weaker 
tribes or nations, and the overrunning of their territories bv the 
victors, are instances of social movements taking place in the 
directions of least resistance. Nor do the comptend peoples, 
when they escape extermination or enslavement, fail to show u $ 
movements which are similarly determined. For, migrating 
as they do to less fertile regions—taking refuge in deserts or 
among mountains—moving in directions where the resistances to 
social growth are comparatively great; they still do this only 
under an excess of pressure in all other directions : the physical 
obstacles to self-preservation they encounter being really less than 
the obstacles offered by the enemies from whom they fly. 

Internal social movements also may be thus interpreted. 
Localities naturally fitted for producing fiarticular commodities— 
that is, localities in which such commodities are got at the least 
cost of energy—that is’, localities in which the desires for these 
commodities meet with the least resistance; become localities 
devoted to the ohtainment of these commodities. Where soil 
and climate render wheat a profitable crop, or a crop from which 
the greatest amount of life-sustaining power is gained by a g-'ven 
quantity of effort, the growth of wheat becomes a dominant 
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industry. Whe& wheat canndt be economically jwodooed, nets, 
or rye, or ma$a% or potatoes or rice, is t£e agricultural staple. 
Along sea shore# men support themselves with least effort by 
■ catching fish, and hence fishing becpi&es the occupation. .And 
in places which are rich in coal or me^iiic ores, the population, 
finding that labour expended in raising these materials brings a 
larger return of food and clothing than when otherwise expended, 
becomes a population of miqprs. • This last instance intro¬ 
duces us to the phenomena of exchange, which equally illustrate 
the general law. For the practice of barter begins as soon as it 
facilitates the fulfilment of men's del ires, by diminishing the 
exertion needed to reach the objects of those desires. When 
instead of growing his # own com, weaving his own cloth, sewing 
his own shoes, each man began to confine himself to farming, 
or weaving, of' shocmaking, it was because each found it more 
lalxirious tpAnake everything he wanted, than to make a great 
quantity of one thing and barter the surplus for other things. 
Moreover, in deciding what commodity to pro*luce, each citizen 
was, tm lie is at the present day, guided in the same manner. In 
choosing those forms of activity which their special circumstances 
ami tjH-eial faculties dictate, the social units severally move 
towards the objects of their desires in the directions which present 
to them the fewest olxstacles. l*he process of transfer, 

which commerce presupjx**.**, supplies another series of examples. 
So long as the forces to be overcome in procuring any necessary 
of life in the districUwhqfe it is consumed, are less tlian the forcA 
to la* overcome in procuring it fjptn ait adjacent district, exchange 
does not take place. But when the adjacent district produces it 
with' an economy that is not outbalanced by cost of transit—w hen 
the distance is so small and the route so ea*y that the labour of 
conveyance plus the labour of protluction is less than the labour 
of production in the consuming ^district* transfer commences. 
Movement in the directlbn of least resistance is also seen in the 
establishment of the channels along which intercourse takes place. 
At the outsell, when goods are carried on the backs of men and 
horses, the patlis chosen are those which combine shortness with 
level ness and freedom from obstacle*—those which are achie^pd 
with the smallest exertion. And jn the subsequent formation of 
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each highway, the course taken is that which deviates horizontally 
from a straight line so far only as is needful to avoid vertical 
deviations entailing greater labour in draught. The smallest total* 
of obstructive forces determines the route, even in seemingly 
exceptional cases; as where a detour is made to avoid the opposi¬ 
tion of a landowner. All subsequent improvements, ending in 
macadamized roads, canals, and railways, which reduqp the antagon¬ 
ism of friction and gravity, to a minimum, exemplify the same 
truth. After there comes to be a choice of roads between one 
point and another, we still see that the road chosen is that along 
which the cost of transit Is the least: cost being the measure of 
resistance. When there arises a marked localization of 

industries, the relative growths of the populations devoted to them 
may be interpreted on the same principle/ Tl5e influx of people 
to each industrial centre is determined bv the payireht for labour, 
that is—by the quantity of commodities which a giv>n amount of 
effort will obtain. To sav that artisans flock to places where, in 
consequence of facilities for production, an extra proportion of 
produce can be given in the shape of wages, is to say that they 
flock to places where there are the smallest obstacles to the 
support of themselves and families; and so growth of the social 
organism takes place where the resistance is least. 

Nor is the law less clearly to be traced in those functional 
changes daily going on. The flow of capital into businesses yield¬ 
ing the largest returns, the buying in the cheapest market and 
selling in the dearest, the introduction of mope economical modes 
of manufacture,, the development of tatter agencies for distribu¬ 
tion, exhibit movements taking place in directions where 'they are 
met by the smallest totals of opposing forces. For if we analyze 
each of these changes—if instead of interest on capital we read 
surplus of products which remains after maintenance of labourers 
—if we thus interpret large interest or large surplus to imply 
labour expended with the greatest results*—and if labour expended 
with the greatest results means muscular action so directed as to 
evade obstacles as far an possible; we see that all thc$e commercial 
phenomena imply complicated motions set up along lines of least 
resistance. ' * 

Social movements of these various orders severally conform to 
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the two derivative principles juuned at the outset. In the first 
place, we see that, once act up in given directions, such movements,* 
like all others* tepd to produce continuance 4n these directions. A 
commercial mania or panic, a current of commodities, a social 
custonf, a political agitation, or a‘popular delusion, maintains 
its course long after its original cause has ceased, and requires 
antagonistic forces to arrest it In the second place, it is to be 
noted that in proportion to* the complexity of social forces is the 
tortuousness of social movdfocnts. The involved series of various 
processes through which a man is returned to Parliament, or 
through which afterwards by an Act hp finally gets passed, certain 
doings of his fellow citizens are changed, show this. 

| 81. And nc*v of the general truth above set forth what 
is our ultimate evidence? * Must we accept it simply as an 
empirical mineralization ? or may it be established as a corollary 
from a <f?ill deeper truth ? The reader will anticipate the 
answer. 

Sqppose several tractive forces, variously directed, to be acting 
on a given body. By what is known as the composition of forces, 
thei*' may be found for any two of these a single force of such 
amount and direction as to produce on the body an exactly equal 
effect. Such a resultant force, as it is called, may be found for 
any pair of forces throughout the group. Similarly, for any pair 
of resultants a single resultant may be found. And by repeating 
this course, all of them may be reduced to two. If these two are 
equal and opposite^—tldft is, if there V no line of greatest traction, 
motion*does not arise. If thev*bre opjxx-site but ifot equal, ruction 
arises in the direction of the greater, ff they are neither equal 
nor opposite, motion arises in the direction of their resultant. 
For in either of these cases there is an unantagonized force in one 
direction. And this residuary force must move the body in the 
direction in which it is.acting. r lb asserf the contrary is to assert 
that a force can be expended without effect; and this involves a 
denial of the persistence of force. , If in place of tractions 

we take resistances, the argument equally holds; and it holds also 
where both tractions and resistances«are concerned. Thus the law 
that motion follows the line of greatest traction, or the line of 
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least resistance, or the resuftant oT t^ie two % is a neocssary deduction 
from that primordial truth which transcends proof. 

Reduce the proposition to its simplest fonji, fund its truth 
becomes still more obvious^ Suppose two weights suspended over 
a pulley, or suppose two men pulling against each othei*. llie 
heavier weight will descevd, and the stronger man will draw the 
weaker towards him. If asked how we know which is the heavier 
weight or the stronger man, we can •onlv reply thaf it is the one 
producing motion in the direction of its pull. But if of two 
opposing tractions we can know one as greater than the other only 
by the motion it generates in its own direction, then the assertion 
that motion occurs in the direction of greatest traction is a truism. 
When, going a step further hack, we seek a warrant for the 
assumption that of the two conflicting forces, the one which pro¬ 
duces motion in its own direction is the greatest, we find no other 
than the consciousness that such part of the greatef force as is 
unneutralized by the lesser, must produce its effect—the Conscious¬ 
ness that this residuary force cannot disappear, but must manifest 
itself in some equivalent change—‘the consciousness that force is 
persistent. Here too, as before, it may be remarked that no 

number of varied illustrations, like those of which this chapter 
mainly consists, can give greater certainty to the conclusion thus 
immediately drawn from the ultimate datum of consciousness. 
For in all cases, as in the simple ones just given, we can identify 
the greatest force only by the resulting motion. 

From this same primordial truth, too, may be deduced the 
pnnciple that motion once set 'up along ai?y lifie, becomes itself a 
cau^e of subsequent motibn along that line. The inerfmnic&l 
axiom that, if left to itadf, matter moving in any direction will 
continue in that direction with undiminished velocity, is but an 
indirect assertion of the persistence of that kind of force called 
energy; since it is an assertion that the energy manifested in the 
transfer of a body alon§ a certain length of a certain line in a 
certain time cannot disappear without producing some equal mani¬ 
festation : a manifestation which, in the absence of conflicting 
forces, must be a further transfer in the same direction at the same 
velocity. In the case ,of matter traversing matter a like 

inference is necessitated. Here however the actions are com- 
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plicated. A liquid that follow a certain channel 'through or over 
a solid, as water along the Earth's surface, loses part of its motion 
in the shape oY heat, through friction and cdllision with the matters 
forming its bed. A further amount may be absorbed in over¬ 
coming the farces it liberates; as when it loosens a mass which falls 
into its channel. But after these deductions, any further deduction 
from the energy embodied in the motion of the water, is at the 
expense of a reaction on thi channel which diminishes its ob¬ 
structive power; such reaction being shown in the motion acquired 
by the detached portions carried away. The cutting out of river 
courses j>erpetimMy illustrates this truth.. Still more involved 

is the case of motion passing through matter bv impulse from part 
to part; as a nervous discharge through animal tissue. There are 
conceivable anomalies.* Soiye chemical change wrought along the 
route traversed, may render* it less fit than before for conveying 
a current. „f)r some olwtructive form of force maybe generated; 
as in metals, the conducting {rower of which is, for the time, 
decreased by the heat which the electric current produces. The 
real question is, however, what structural modification, if any, is 
produced throughout the matter traverser!, apart from incidental 
disturbing force's—apart from everything hut the necessary resist¬ 
ance of the matter: that, namely, which results from the inertia of 
its units. If we confine our attention to that part of the motion 
which, escaping transformation, continues its course, then the 
persistence of force necessitates that as much of it as is taken up in 
changing the jrositions ^f the units^ must leave these by so mugh 
less able to olistruct subsequent inotidp in the same direction. 

Thqjfin all the changes displayed by the Solar System, in* all 

those which are going on in the Earth's crust, in all processes of 

organic development and function *in all mental actions and the 

effects they work on the IxmIv, and in all motfifications of structure 
» * 

and activity in societies, the implied movements are of necessity 
determined in the manner alwve !>et forth. The truth set forth 
holds not only of one class, or of some classes, of phenomena, but 
it is among, those universal truths by which our knowledge of 
phenomena in general is unified. 
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| 82. When* the pennant of a vessel lying becalmed shows the 
coming breeze, it does so by gentle undulations which travel from 
its fixed to its free end. Presently the sails begin to flap; and 
their blows against the mast increase in rapidity a& the breeze 
rises. Even when, being fully bellied out, they are h* l|| great part 
steadied by the strain of the yards and cordage, their Tree edges 
tremble with each stronger gust. And should there come a gale, 
the jar that is felt on laying hold of the shrouds shows that, the 
rigging vibrates; while the whistle of the wind proves that in it, 
also, rapid undulations are generated. Ashore the conflict between 
the current of air and the things it meets results in a like rhythmical 
action. The leaves all shiver in the blast; each branch oscillates; 
and every exposed tree sways to and fro. The blades of grass and 
dried bents in the meadows, and still better the stalks in the 
nrighbouring corn-fields, exhibit the same.rising and falling move¬ 
ments. Nor do,the more fts.ble objects fan to do the like, though 
in k less manifest fashion; as witness the shudder that V»av be 
felt throughout a house during the paroxysms of a violent 
storm. Streamof water produce in opposing objects the 

same general effects as do streams of air. Submerged weeds grow¬ 
ing in the middle of a lyook, undulate from end to end. Branches 
brought down by the last flood, and left entangled at the bottom 
where the current is rapid, are thrown into a state of up and down 
movement that is slow or quick in proportion as they are large or 
small; and where, as in great rivers like the Mississippi, whole 
trees are thus held, the name‘ u sawyers,” by which they are locally 
known, sufficiently describes the rhythm produced in them. Note, 
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again, the effiSct of the antagonism between the current and its 
channel. In shallow places, where the action of the bottom on 
the water flowing over it is visible, we see a ripple produced—a 
§eries of undulations. If we study^the action and reaction going 
on between the moving fluid and its banks, we still find the 
principle illustrated, though in a different way. For in every 
rivulet, as ip the mapped-out course of every great river, the 
bends of the stream from side to # side throughout its tortuous 
course constitute a lateral undulation—an undulation so inevitable 
that even an artificially straightened channel is eventually changed 
into a serpen tide one. Kindred phenomena may be observed when 
the water is stationary and the solid matter moving. A stick 
drawn laterally through the water with much force, proves by the 
throb which it communicates to the hand that it is in a state of 
vibration. * Even where the moving body is massive, it only 
requires that great force should be applied to get a sensible effect 
of like Kind: instance the screw of a screw-steamer (of the primi¬ 
tive type), which instead of a smooth rotation falls into a rapid 
rhythm that sends a tremor through the whole vessel. The 

sound produced when a bow is drawn over a violin string shows 
us vibrations accompanying the movement of a solid over a solid. 
In lathes and planing machines, the attempt to take off* a thick 
shaving causes a violent jar of the whole apparatus, and the 
production of a series of waves on the iron or wood that is cut 
Every boy in scraping his slate-pencil finds it scarcely possible to 
help making a ridged jurface. If you roll a ball along the ground 
or over the ice, there is always more less upanj) down movement 
—a dlovement that is visible while the velocity is considerable, 
but becomes too small and rapid to be seen bv the unaided eye 
as the velocity diminishes. However smooth the rails, and however 
perfectly built the carriages, a railway train inevitably acquires 
oscillations, both lateral and vertical, ^ven where a moving mass 
is suddenly arrested by collision * the law is still illustrated; for 
both the body striking and the body struck are made to tremble; 
and trembling is rhythmical movement.* Little as we habitually 
observe it, it is yet certain that the impulses our actions impress 
from moment to moment on surrdhnding objects, are propagated 
through them in vibrations. It needs but to look thibugh 



tot THE KNOWABLB 

a telescope of high power, placed #n a table, to* be convinced 
that each pulsation of the heart gives a jar to surrounding 
things. Motion# of another order—those • naWly of the 

ethereal medium—teach us the same thing. Every fresh discovery 
confirms the hypothesis that* light consists of undulation^ and 
that.the rays of heat hafe a like fundamental nature: their 
undulations differing from those of light only in their # comparative 
lengths. Nor do the movements of electricity fail to furnish us 
with illustrations, though of a different order. The northern 
aurora may often be observed to pulsate with waves of greater 
brightness; and the electrio discharge through a*vacuum shows 
by its stratified appearance that the current is not uniform, but 
comes in gushes of greater and lesser intensity. Should 

it be said that there are some motions, as thos# of projectiles, 
which are not rhythmical, the reply is that the exception Vs apparent 
only, and that these motions would be rhythmical if* they were 
not interrupted. It is common to assert that the trajectory of 
a cannon ball is a parabola; and it is true that (omitting atinos* 
pheric resistance) the curve described differs so slightly fro pi a 
parabola that it may practically be regarded as one. But, strictly 
speaking, it is a portion of an extremely eccentric ellipse, having 
the Earth’s centre of gravity for its remoter focus; and but for 
its arrest by the substance of the Earth, the cannon ball would 
travel round that focus and return to thp point whence it started, 
again to repeat this slow rhythm. Indeed, while seeming to do 
the* reverse, the discharge of a,cannon furnishes one of the best 
illustrations of tlje principlj enunciated. The explosion produces 
violent undulations in the surrounding air. The whizz fif the 
shot, as it ffies towards* its mark, is due to another series of 
atmospheric undulations. And the eccentric movement round the 
Earth's centre, which the cannon ball is beginning to perform, 
being checked by solid ipattcr, is transformed into a rhythm of 
another order; namely, the vibration which the blow sends 
through neighbouring bodies.* 

Rhythm is very generally not simple but compound., There are 

* After having for some years supposed myself alone in the belief tliat all 
motion ie rhythmical, 1 discovered that my friend Professor Tyndall also held 
this doctrine. 
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usually at wbjk various fo^p4 .earning undulltions differing in 
rapidity; and hence beside* the primary rhythms there arise 
secondary rhythms, produced by the periodic coincidence and 
opposition of the primary ones. Doable, triple, and even quad- 
A»ple«rhythms, are thus generated. *One of the simplest instances 
is afTorded by what in acoustics are known as M beats 1 *: recurring 
intervals of sound and silence which are perceived when two notes 
of nearly the*#amc pitch are struck together, and which are due to the 
alternate correspondence aifcl antagdhism of the atmospheric waves. 
In like maimer the phenomena due to what is called interference of 
light result fh»m the periodic agreement and disagreement of 
ethereal undulations—undulations which, by alternately intensify¬ 
ing and neutralizing each other, produce intervals of increased and 
diminished light* Oti the sea-shore may be noted sundry instances 
of con>|K>uud rhythms. Wt* have that of the tides, in which the 
daily rise ami fall undergoes a fortnightly increase and decrease, 
due to thC alternate coincidence and antagonism of the solar and 
lunar attractions. We have agAin that which is perpetually 
furnished by the surface of the sea: every large wave bearing 
amaHcr ones on its sides, and these still smaller ones, with the 
result that each flake of foam, along with the portion of water 
bearing it, undergoes minor ascents and descents of several 
orders while it is being raised and lowered by the greater billows. 
A different and very interesting example of compound rhythm, 
occurs in the little rills which, at low tide, run over the sand out 
of the shingle banks above. Where the channel of one of thcs% is 
narrow ami the stfean/ runs strongly, the sand at the bottom is 
raised an to a series of ridges Corresponding to {he ripple of* the 
water. On watching, it will be seen thAt these ridges are being 
raised higher and the ripple growing stronger; until at length, the 
action becoming violent, the whole scries of rfdges is suddenly swept 
away, the stream runs smoothly, and the [process commences afresh. 

Khvthm results wherever then? is & conflict of forces not in 
equilibrium. If the antagonist forces at any point are balanced, 
there is rest; and in the absence of motioq there can of course be 
no rhythm. * But if instead of a balance there is an excess of force 
in one direction—if, as necessarily follows, motion is set up in that 
direction; then for the motion to continue uniformly in Chat 
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direction, the moving matter must, notwithstanding its un¬ 
ceasing change of place, present unchanging relations to the 
sources of force by which its motion is produced and opposed. 
This however is impossible. Every further transfer through space, 
by altering the ratio between the forces concerned, must prevent 
uniformity of movement. 'And if the movement cannot be uni* 
form, then (save where it is destroyed, or rather transformed, as 
by the collision of two bodies travelling through space in a straight 
line towards each other) the only alternative is rhythm. 

A secondary conclusion must not be omitted. In the last 
chapter we saw that motion is never absolutely JCctilinear; and 
here it remains to add that, as a consequence, rhythm is neces¬ 
sarily incomplete A truly rectilinear rhythm can arise only when 
the opposing forces are in exactly the, samd lint, and the prob¬ 
abilities against this are infinitely great. To generate' a perfectly 
circular rhythm, the two forces concerned must be exactly at right 
angles to each other, and must have exactly a certain ratio; and 
against this the probabilities are likewise infinitely great. All 
other proportions and directions of the two forces (omitting j*uch 
as produce parabolas or hyperbolas) will produce an ellipse of 
greater or less eccentricity. And when, as always happens, above 
two forces are engaged, the curve described must be more complex, 
and cannot exactly repeat itself. So that throughout nature, this 
action and reaction of forces never bring.- about a complete return 
to a previous state. When* the movement is that of some 
aggregate whose units are partially independent, regularity is no 
longer traceable. And on Jtljfc completion of any periodic change, 
the -degree in w^iich the state arrived at differs from th\j state 
departed from is marked* in proportion as the influences at work 
are numerous. 

| 88. That spiral arrangement common among the more struc¬ 
tured nebulae, shows us the progressive establishment of revolution, 
and therefore of rhythm, in those remote spaces which the nebulae 
occupy. Double stars, .moving in more or less eccentric orbits 
round common centres of gravity in periods some of which are now 
ascertained, exhibit settled rhythmical actions in distant parts of 
our'Sidereal System. 
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The periodidties of* the planets, satellites, and comets, familiar 
though they are, must be named as so many grand illustrations of 
this genera] law«of movement But beside#the revolutions of these 
tyxiies in their orbits (all more or less Eccentric), the Solar System 
presents us with rhythms of a less manifest and more complex 
kind. In each planet and satellite thde is the revolution of the 
nodes—a slogv change in the position of the orbit-plane, which 
alter completing itself commences afresh. There is the gradual 
alteration in the length of* the axis major of the orbit, and also of 
its eccentricity: both of which are rhythmical alike in the sense 
that they altcnftito between maxima and minima, and in the sense 
that the progress from one extreme to the other is not uniform, 
but is made with fluctuating velocity. Then, too, there is the 
revolution of thcfline* of apsides round the heavens—not regularly, 
but through complex oscillations. And, further, we have changes 
in the directions of the planetary axes—that known as nutation, 
and that larger gyration which, in the case of the Earth, causes the 
precession of the equinoxes. These rhythms, already more 

or lyss compound, are compounded with one another. One of the 
simplest re-compoundings is seen in the secular acceleration and 
retardation of the moon, consequent on the varying eccentricity of 
the Earth's orbit. Another, having more important consequences, 
results from the changing direction of the axis of rotation in a 
planet having a decidedly eccentric orbit. The Earth furnishes the 
best example. During a certain long period it presents more of its 
northern than of its southern hemisphere to the Sun at the time 
of nearest approach to him ; and then ggain, during a like period, 
presets more of its southern "hemisphere than of its northern: a 
recurring coincidence which involves ail epoch of 21,000 years, 
during which each hemisphere got* through a cycle of temperate 
seasons anti seasons that are extreme in their heat and cold. Nor 
is this all. There is even a variation of .this variation. For the 
summers and winters, of the wh*ole Earth become more or less 
strongly contrasted, as the eccentricity of its orbit increases or 
decreases. , Hence during the increase.of the eccentricity, the 
epoclis of moderately contrasted seasons and epochs of strongly 
contrasted seasons, through which alternately each hemisphere 
passes, must grow more and more different in the degrees of their 
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contrasts; and contrariwise during Recreate of the eccentricity. 
So that in those movements of the Earth which determine the 
varying quantities of 'light and heat which any portion of it 
receives from the Sun, thefle t goes on a quadruple rhythm; that 
causing day and night; that causing summer and winter; that 
causing the changing position of the axis at perihelion and 
aphelion, taking *1,000 years to complete; and that causing the 
variation of the orbit's eccentricity, gone through in millions of 
years. 

§ 84. Those terrestrial processes directly depending on the solar 
heat, of course exhibit a rhythm that corresponds to the period¬ 
ically changing amount of heat which each part of the Earth 
receives. The simplest, though the kast obtrusive, instance is 
supplied by the magnetic variations. In these there is a diurnal 
increase and decrease, an annual increase and decrease, and a decen¬ 
nial increase and decrease: the latter answering to a period during 
which the solar spots become alternately abundant and scarce. 
And besides known variations there are probably others corre¬ 
sponding to the astronomical cycles just descrilxxl. More obvious 
examples are furnished by the movements of the ocean and ‘the 
atmosphere. Marine currents from the equator to the poles above, 
and from the poles to the equator beneath, show us an unceasing 
backward and forward motion throughout this vast mass of water 
—a motion varying in amount according to the seasons, and 
compounded with smaller like motions ^f lqcal origin. The 
similarly-caused general cufents iqthe air, have similar annual 
variations similarly modified. Irregular as they are in dettlil, we 
still see in the monsoons and. other tropical atmospheric dis¬ 
turbances, or even in opr autumn equinoctial gales and spring east 
winds, a periodicity sufficiently decided. Again, we have 

an alternation of time^iduring which evaporation predominates 
with times during which condensation predominates; shown in the 
tropics by strongly marked rainy seasons and seasons of drought, 
and in the temperate zones by changes of which the periodicity is less 
definite. The diffusion and precipitation of water furnish us with 
examples of rhythm of a more* rapid kind. During wet weather 
lasting over some weeks, the tendency to condense, though greater 
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than the tendency to %vaporate,~does Inot show itfielf in continuous 
min; but the period is made up of rainy days and days which am 
wholly or paHi^ly fair. Nor is it in thfe rude alternation only 
that the law is manifested. During any day throughout this wet 
weathtT a minor rhythm is often traceable; and especially so when 
the tendencies to evaporate and to cohdense are nearly balanced. 
Among mountains this minor rhythm and its causes may be studied 
to advantage. Moist winds, which do not precipitate their con* 
tain oil water in passing ovef the comparatively warm lowlands, lose 
so much heat when they reach the cold mountain peaks, that 
condensation rapidly takes place. Water, however, in passing from 
the gaseous to the liquid state, gives out heat; and therefore the 
resulting clouds are warmer than the air that precipitates them, 
and much warmdt thfln the. high rocky surfaces round which they 
fold themselves. Hence in the course of the storm, these high 
rocky surfaces are raised in temperature, partly by radiation from 
the enwrapping cloud, partly by contact of the falling rain-drops. 
Consequently they no longer lower so much the temperature.of the 
air yas-ing over them, ami cease to precipitate its contained water. 
The clouds break ; the sky begins to clear; and a gleam of sun- 
shiiy promises that the day is going to lie fine. But the small 
supply of heat which the cold mountain's tops have received is 
soon lost : especially when partial disj>ersion of the clouds permits 
radiation into space. Very soon, therefore, these elevated surfaces, 
becoming as cold as at first, begin again to condense the vapour in 
the air uIkivc, and thcre f eomes another storm, followed by the same 
effects as liefore. In lower lands tins ^action and reaction is less 
conspiyUous, liocause the contrast of temperatures is less marked. 
Even here, however, it may be traced, not only on showery days, 
but on da vs of continuous rain i for in these we do not see 
uniformity : always there are fits of harder and gentler rain. 

Of course these mcteorologic rhythms, involve corresponding 
rhythms in the changes wrought by wind and water on the Earth's 
surface. Variations in the quantities of sediment brought down by 
rivers that rise and fall with the seasons, must cause variations in 
the resulting strata—alternations of colour or quality in the 
successive lamirue. Beds formed frorti the detritus of shores worn 
down and carried away by the waves must similarly show peri&Lic 
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aanrarihg to the jjknod!e §pndt qf the locality. In so 
Jar •• frost influences the rate of denudation, its recurrence is a 
factor in the rhythm of sedimentary deposits. Anjjl the geological 
chang es produced by glacier* must similarly have their alternating 
periodl of greater and less intensity. 

There is some evidence ttmt modifications in the Earth's crust 
due to igneous action have an indefinite periodicity. Volcanic 
eruptions are not continuous but intermittent, and, as far as the 
data enable us to judge, havl somethfhg like an average rate of 
recurrence, as witness the case of Kilauea; which rate is compli¬ 
cated by rising into epochs of greater activity and falling into 
epochs of comparative quiescence. So too, according to Mallet, is 
it with earthquakes and the elevations or depressions caused by 
them. Sedimentary formations yield indirect evidence. At the 
mouth of the Mississippi the alternation of strata gives decisive 
proof of successive sinkings of the surface, that have taken place at 
tolerably equal intervals. Everywhere in the extensive ‘groups of 
comforpmble strata that imply small subsidences recurring with a 
certain average frequency, we see a rhythm in the action and re¬ 
action between the Earth's crust and its contents—a rhythm com¬ 
pounded with those slower ones shown in the termination of groups 
of strata, and the commencement of other groups not conformable 
to them. 

§ 85. Perhaps nowhere are illustrations of rhythm so numerous 
anfj so manifest as among the phenomena of life. Plants do not, 
indeed, usually show us a tfy decided jjferiodieities, save those 
determined by day and nigfit and by the seasons. But in yinitials 
we have & great variety 6f movements in which the alternation of 
opposite extremes goes on with all degrees of rapidity. The 
swallowing of food ii effected by a wave of constriction passing 
along the oesophagus; its digestion is largely aided by a muscular 
action of the stomach that is Also undulatory; and the peristaltic 
motion of the intestines is of like nature. The blood obtained from 
this food is propelled, in pulses, and is aerated by lungs that 
alternately contract and expand All locomotion results from 
oscillating movements. Even where it is apparently continuous, 
as *in many minute forms, the microscope proves the vibration of 
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dll* to be the agency by ^udu th# creature tf moved smoothly 
forward*. 

Primary rtiy^hm* of the organic actiodk are compounded with 
secondary one* of longer duration. JVe see this in the periodic 
Seed Sot food, and in the periodic*need for repose. Each meal 
induces a more rapid rhythmic action pf the digestive organs; the 
pulsation of the heart is accelerated; the inspirations become more 
frequent. lJuring sleep, on the contrary, these several movepaents 
slacken. So that in the course oT the twenty-four hours, those 
small undulation* of which the different kinds of organic action are 
constituted, undergo one long wave of increase and decrease, com¬ 
plicated with several minor waves. Experiments have 

shown that there are still slower rises and falls of functional activity. 
Waste and assirailatitm are not balanced by every meal, but one or 
other maintains for some tiTne a slight excess; so that a person in 
ordinary health undergoes an increase and decrease of weight 
during refurring intervals of tolerable equality. There are oscilla¬ 
tions of rigour too. Even men in training cannot be kept 
stationary at their highest power, but when they have reached it 
begih to retrograde Further evidence of rhythm in the 

vital movements is furnished by invalids. Sundry disorders are 
nanted from the intermittent character of their symptoms. Even 
where the periodicity is not very marked it is mostly traceable. 
Patients rarely if ever become uniformly worse; and convalescents 
have usually theit days of partial relapse or of less decided advance. 

Aggregates of living^ creatures illustrate the general truth* in 
other ways. If each species of organism be regarded as a whole, it 
displays two kinds of rhythm? Life, as it exists In every member 
of such species, is an extremely complex kfnd of movement, more or 
less distinct from the kinds of imA-ement which constitute life in 
other species. This extremely complex kind of movement begins, 
rises to its climax, declines, and ceases in .death. And every indi¬ 
vidual in each generation thus exhibits a wave of that peculiar 
activity characterising the species as a whole. The other 

form of rhythm is seen in that variation.of number which each 
tribe of animals and plants undergoes. Throughout the unceasing 
conflict between the tendency of ft species to increase and the 
antagonistic tendencies, there is never an equilibrium : one always 
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predominates. Iri, the cane e^en .of ^cultivated plant or domesti¬ 
cated where artificial means are used to maintain the 

supply at a uniform level, oscillations of abundance c and scarcity 
cannot be avoided. And qpnong creatures uncared for by man, 
such oscillations are usually more marked. After a race of 
organisms has been greatly,, thinned by enemies or innutrition, its 
surviving members become more favourably circumstanced than 
usual. During the decline in their numbers their food has grown 
relatively abundant, while their enemies have somewhat diminished 
from want of prey. The conditions thus remain for some time 
favourable to their increase, and they multiply rapidly. By-and- 
by their food is rendered relatively scarce, at the same time that 
their enemies have become more numerous; and the destroying 
influences being thus in excess, their number begins to diminish 
again. Yet one more rhythm, extremely slow, may be traced 

in the phenomena of Life under their most general aspect. The 
researches of palaeontologists show that there have been going on, 
during the vast period of which our sedimentary rocks bear record, 
successive changes of organic forms. Species have appeared, be¬ 
come abundant, and then disappeared. Genera, at first constituted 
of but few species, have for a time gone on growing more multiform, 
and then have declined in the number of their subdivisions: leaving 
at last but one or two, or none at alL During longer epochs whole 
orders have thus arisen, culminated, and dwindled away. And 
even those wider divisions containing many orders have similarly 
undergone a gradual rise, a high tide, and a long-continued ebb. 
The stalked Crinoidea, for Example, which during the carbon¬ 
iferous epoch became abundant, have almost disappeared :r,only a 
few species being extant: Once a large family, the Brachiopoda 
have now become rare. The shelled Cephaiopods, at one time 
dominant among the inhabitants of the ocean, both in number 
of forms and of individuals, are in our day nearly extinct. And 
after an “age of reptiles" has come an age in which reptiles have 
been in great measure supplanted by mammals. Thus Life on the 
Earth has not progressed uniformly, but in immense undulations. 

| 86. It is not manifest that changes of consciousness are in any 
sense rhythmical. Yet here, too, analysis proves both that the 
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mental state'ssisting^t anjemfoenfisjoot uniform, but is decom¬ 
posable into rapid oscillations, and also that mental states pass 
through lon^ex; intervals of increasing amTdecreasing interfeity. 

Though while attending to any single sensation, or any group 
of related sensations constituting die consciousness of an object, 
we seem to remain in a persistent a«d homogeneous condition of 
mind, self-examination shows that this apparently unbroken mental 
state is traversed by many minor states, in which various other 
sensations and perceptions are rapidly presented and disappear. 
As thinking consists in the establishment of relations, it follows 
that continuance of it in any one state to the entire exclusion of 
other states, would be a cessation of thought, that is, of conscious¬ 
ness. So that any seemingly uniform feeling, say of. pressure, 
really consists ef p&rtiorp of that feeling perpetually recurring 
after momentary intrusions of other feelings Mtd ideas—quick 
thoughts concerning the place where it is felt, the external object 
producing it, its consequences. See. Much more conspicuous 

rhythms, having longer waves, are seen during the outflow of 
emotion into dancing, poetry, and music. The current of mental 
enefgy expended in one of these modes of bodily action, is not 
continuous but fails into successive pulses. The measure of a 
daflee is produced by the alternation of strong muscular contrac¬ 
tions with weaker ones; and, save in measures of the simplest 
order, such as are found among barbarians and children, this 
alternation is compounded with longer rises and falls in the degree 
of muscular excitement^ Poetry is a form of speech in whichathe 
emphasis is regularly recurrent, that iV-^-in which the muscular effort 
of pronunciation has definite periods of pea ter and less intensity: 
periods that are complicated with others answering to the suc¬ 
cessive verses. Music more variously exemplifies the law. There 
are the recurring bars, in each of which there is a primary and a 
secondary beat. There is the alternate .increase and decrease of 
muscular strain implied by the aa&nts and descents to the higher 
and lower notes—ascents and descents composed of smaller waves, 
breaking the rises and falls of the larger qnes, in a mode peculiar 
to each melody. And then we have, further, the alternations 
of piano and forte passages. That*these several kinds of rhythm, 
characterising aesthetic expression, are not, in the common sense 
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of the word, artificial, bat hre iritewtcr forms of an undulatory 
movement habitually generated by feeling in its bodily discharge, 
is showif by the fact thaf they are all traceable in ordinary speech; 
which in every sentence has.its primaiy and secondary emphases^ 
and its cadence containing a chief rise and fall complicated* with 
subordinate rises and falls, c Still longer undulations may 

be observed by every one in himself and in others, on occasions 
of extreme pleasure or extreme pain. During hours in which 
bodily pain never actually ceases, it has its variations of intensity 
—fits or paroxysms; and then after these intervals of suffering 
there usually come intervals of comparative ease. Moral pain has the 
like smaller and larger waves. One possessed by intense grief does 
not utter continuous moans, or shed tears with an equable rapidity; 
but these signs of passion come in recarring ' bursts. Then after 
a time during which such stronger and weaker waves of emotion 
alternate, there comes a calm—a time of comparative deadness; 
after which dull sorrow rises afresh into acute anguish,' With its 
series of paroxysms. Similarly great delight, as shown by children 
who display it without control, undergoes variations in intensity : 
there are fits of laughter and dancing about, separated by pauses in 
which smiles, and other slight manifestations of pleasure, suffice to 
discharge the lessened excitement. Nor are there wanting 

evidences of mental undulations greater in length than any of 
these. We continually hear of moods which recur at intervals. 
Many persons have their days of vivacity and days of depression. 
Others have periods of industry following periods of idleness; and 
times at which ^particular objects or tastes are cultivated with 
zeal*alternating with times at which' they are neglected. Respect¬ 
ing which slow oscillations the only qualification to be made is, 
that being affected by f numerous' influences they are irregular. 

| 87. In nomadic societies the changes of place, determined by 
exhaustion or failure of the supply of food, are periodic; and in 
many cases recur with the seasons. Each tribe that has become 
partially fixed in its locality, goes on increasing until, under 
pressure of hunger, there results migration of some part of it—a 
process repeated at intervals. * From such excesses of population, 
and such waves of migration, come conflicts with other tribes; 



THE RHYTHM fcF MOTION 


*18 

which are also increasing an9 terfdirif' to diffuse *themselves. Their 
antagonising result not in a uniform mqjtion, but in an intermit¬ 
tent one. WrfT, exhaustion, recoil—peace, prosperity, and renewed 
Aggression :—see here the alternatifin as occurring among both 
savage and civilized peoples. And irregular as is this rhythm, it is 
not more so than the different sizes of the societies, and the involved 
causes of variation in their strengths, would lead us to anticipate. 

Passing from external io internal social changes, we meet this 
backward and forward movement under many forma In com¬ 
mercial currents it is especially conspicuous- Exchange during 
earlv times is* carried on mainly at fairs, held at long intervals. 
The flux and reflux of people and commodities which each of these 
exhibits, becomes rpore frequent as national development brings 
greater social activity. • The rapid rhythm of weekly markets 
begins to supersede the slow rhythm of fairs. And eventually 
exchaitjpr becomes at some places so active, as to bring about 
daily meetings of buyers and sellers—a daily wave of accumula¬ 
tion and distribution of cotton, or corn, or capital. In 

production and consumption there are undulations almost equally 
obvious. Supply and demand are never completely adjusted, but 
c«yh, from time to time in excess, leads presently to excess of the 
other. Fanners who have one season grown wheat abundantly, 
are disgusted with the consequent low price, and next season, 
sowing a much smaller quantity, bring to market a deficient crop; 
whence follows a converse effect Consumption undergoes parallel 
undulations that accdtfiot be specified. The balancing of sullies 
between different districts %x>, entails oscillations. A place at 
whiclf some necessary of life is scarce, ^becomes a place to which 
currents of it are set up from ojher places where it is relatively 
abundant; and these currents lead to a *wave of accumulation 
where they meet—a glut: whence follows a recoil—a partial re¬ 
turn of the currents. Rut th<f undulatory character of 

these action* is best Seen in the rises and falls of prices. These, 
when tabulated and reduced to diagrams, show us in the dearest 
manner how commercial movements are compounded of oscillations 
of various magnitudes. The price pf consols or the price of wheat, 
as thus represented, is seen to undergo vast ascents and descents 
having highest and lowest points that are reached only in the 
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course of years. These laigcaft wires "of variation are broken by 
lesser omi extending over periods of months. On .these come 
others severally having a week or two's duration. *And were the 
changes .marked in greater dkbiiU we should see the smaller un¬ 
dulations that take place each day, and the still smaller ones 
which brokers telegraph frofli hour to hour. The whole outline 
would show a complication like that of a vast ocean-swell, 
having on its surface large bilip ws, which themselves bear waves 
of moderate sine, covered by wavelets, that are roughened by a 
minute ripple. Similar diagrammatic representations of births, 
marriages, and deaths, of disease, of crime, of pauperism, exhibit 
involved conflicts of rhythmical motions throughout society under 
these several aspects. 

There are like traits in social changes of more “complex kinds. 
Both in England and on the Continent the actions anu reactions 
of political progress are now generally recognized. Religjon has 
its periods of exaltation and depression—generations of belief 
and self-mortification, following generations of indifference and 
laxity. There are poetical epochs, and epochs in which the sejwc 
of the beautiful seems almost dormant. Philosophy, after having 
been awhile dominant, lapses for a long season into neglect, n/ul 
then again slowly revives. Each concrete science has its eras of 
deductive reasoning, and its eras in which attention is chiefly 
directed to collecting and colligating facts. And that in such 
minor phenomena as those of fashion, there are oscillations from 
one Extreme to the other, is a trite observation. . 

As may be foreseen, social cfiythmspvell illustrate the irregularity 
that results from combination of many causes. Where the Varia¬ 
tions are those of one simple element in national life, as the supply 
of a particular commodity, we do indeed witness a return, after 
many involved movements, to a previous state—the price becomes 
what it was before: implying p like relative abundance. But 
where the action is one into which many factors e^ter, there is 
never a complete recurrence. A political reaction nt -er brings 
round just the old form of things. The rationalism of the present 
day differs widely from the rationalism of the last century. And 
thoqgh fashion from time to time revives extinct types of drfess, 
these always reappear with decided modifications. 
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§ 86. Rhythm beiqg thi#mlmfea#ed in ail forms of movement, 
we have reagra to suspect that it is determined by some primordial 
condition to action in gener&L The tacit implication is that it is 
deducible from the persistence of force. This we shall find to be 
the f&ct. 

When the prong of a tuning-fork sis pulled on one side by the 
finger, somcsextra tension is produced among its cohering particles, 
which resist any force thaf draws them out of their state of equi¬ 
librium. As much force as the £nger exerts, so much opposing 
force arises among the cohering particles. Hence, when the prong 
is liberated, it is urged back by a force equal to that used in 
deflecting it. When, therefore, the prong reaches its original 
position, the force impressed during its recoil, has generated in 
it a correspodding amount of momentum—an amount nearly 
equivalent* to the force originally impressed (nearly, we must say, 
because^ certain portion has gone in giving motion to the air, 
and a certain other portion has been transformed into heat). 
This momentum carries the prong beyond the position of rest, 
nearly as far as it was originally drawn in the reverse direction; 
until at length, being gradually used up in producing an opposing 
tension among the particles, it is all lost. This opposing tension 
theit generates a second recoil, and so on continually: the vibra¬ 
tion eventually ceasing only because at each movement a certain 
amount of force goes in creating atmospheric and ethereal un¬ 
dulations. Now evidently this repeated action and reaction is a 
consequence of the persistence of jforce. The force exerted bp the 
fit ger in bending the prong ^annot ^sappear. Under what form 
theuidoes it exist? It exists under the form"of that cohesive 
tension which it has generated among t£e particles. This cohesive 
tension cannot cease without an* equivalent result. What is its 
equivalent result ? The momentum generated in the prong while 
being carried back to its position of res* This momentum too— 
what becomes of it ? • It must either continue as momentum, or 
produce correlative force of equal amount. It cannot con¬ 
tinue as momentum, since change of place.is resisted by the cohesion 
of the parts; and thus it gradflall^ disappears by being transformed 
into tension among these parts. This is retransformed into the 
equivalent momentum; and sojon continuously. If, instead 
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of motion that i» directly aJfctagoflisdS by the coh&ion of matter, 
we consider motion through space, as of a comet, tije same truth 
presents itself under arfother form. Though while it is approach* 9 ' 
ing the Sun no opposing forse^seems at work, and therefore no cause 
of rhythm, yet its own accumulated momentum must eventually 
carry the moving body beyond the attracting body; and so must 
become a force in conflict with that which generated it. This 
force jcannot be destroyed, but^ it can |iave its direction changed 
by the still continued attraction: the result being that a passage 
round the attracting body is followed by a retreat during which 
this embodied force, gradually becoming non-apparent, is trans¬ 
formed into gravitative strain, until ail of it having been thus 
transformed there begins a return from aphelion. 

Before ending, two qualifications must he made. * As the rhythm 
of motion itself postulates continuity of motion, it 'cannot be 
looked for when motion has suddenly become invisible. A hint 
tacitly given in § 82 implies that what we may call a fragmentary 
motion—a motion which under its perceptible form is suddenly 
brought to an end—cannot under that form exhibit rhythm: 
instance the stoppage of a hammer by an anvil. In such cases, 
however, we observe that this non-continuous motion is trsyis- 
formed into motions that are continuous and rhythmical—the 
sound-waves, the ether-waves of the heat generated, and the waves 
of vibration sent through the mass struck: the rhythms of these 
motions continuing as long as the motions themselves do. 

The other qualification is th&k the motion# shall be those occur¬ 
ring within a closed system, spell as is^ponstituted by our own Sun, 
planets, satellites,' and periodic comets. If a body approachVig a 
centre of attraction from remote space, has any considerable 
proper motion not towards that centre, this body, passing round it, 
may take a course which negatives return—an hyperbola. I say 
an hyperbola because th* chances against a parabolic course are 
infinity to one. 

But bearing in mind these two qualifications, of wliWi the last 
may be considered almost nominal, we may conclude that under 
the conditions existing within ofir Solar System and among 
terrestrial phenomena, rhythm, every whore arising from the play of 
antagonist forces, is a corollary from the persistence of force. 



CHAPTER XI 

RECAPITULATION, CRITICISM, AND RECOMMENCEMENT 

§ 89. Let us pause awhile to consider how far the contents of 
the foregoing chapter go towards forming a body of knowledge 
answering to the definition of Philosophy. 

In respect of its generality, the proposition enunciated and 
exemplified in each chapter is of the required kind—is a pro¬ 
position transcending those class-limits which Science, as currently 
understood, recognises, 14 The Indestructibility of Matter” is a 
trutlj not belonging to mechanics more than to chemistry—a truth 
assumed alike by molecular physics and the physics that deals with 
sensible masses—a truth which the astronomer and the biologist 
equally take for granted. Not merely do those divisions of Science 
which deal with the movements of celestial and terrestrial bodies 
postulate 44 The Qontinuity of Motion,” but it is no less postulated 
in the physicist's investigations into the phenomena of light and 
heat, and is tacitly,.if n*t avowedly* jmplied in the generalizations 
of the higher sciences. So, ^oo, “'Jihe Persistence of Force,” 
involv<£l in each of the preceding proposi^ons, is co-extensive #ith 
them, as is also its corollary, 44 The Persistence of Relations among 
Forces.” These are not highly general truths; they are universal 
truths. Passing to the deductions drawn from them, we 

see the satrie thing. That force is fransforfhable, and that between 
its correlates ihere exist quantitative equivalences, are ultimate 
facts not tajx classed with those of mechanics, or thermology, or 
electricity, er magnetism; but they axe• illustrated throughout 
phenomena of every order. Similarly, the law that motion follows 
the line of least resistance or the line of greatest traction or the 
resultant of the two, we found t? be an all-pervading law; con- 
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formed to alike «fay each p^net^ fn Its orbit, and “by the moving 
matters, aerial, liquid, and solid, on its surface-informed to no 
less b^every organic movement and process than every inorganic 
movement and process. And so, likewise, it has been shown th^t 
rhythm is exhibited universally, from the slow gyrations of double 
stars down to the inconceivably rapid oscillations of molecules— 
from such terrestrial changes as those of reesr^ent glacial epochs 
dow^ to those of the winds and tides^ and waves; and is no less 
conspicuous in the functions of living organisms, from pulsations 
of the heart up to paroxysms of the emotions. 

These truths have the character which constitutes them parts of 
Philosophy. They are truths which unify concrete phenomena 
belonging to all divisions of Nature; and so must be components 
of that all-embracing conception of things which Philosophy seeks. 

| 90. But now what parts do these truths play in forming such 
a conception ? Does any one of them singly convey an ultra of the 
Cosmos: meaning by that word the totality of the manifestations 
of the Unknowable ? Do all of them taken in succession yield us 
an adequate idea of this kind ? Do they even when thought of in 
combination compose anything like such an idea? To each of 
these questions the answer must be—No. 

Neither these truths nor any other such truths, separately or 
jointly, constitute that integrated knowledge in which Philosophy 
finds its goal. It has been supposed by one thinker that when 
Science has reduced all more ^complex lays to some most simple 
law, as of molecular action^knowledge will have reached its limit. 
Another authority holds that all minor facts are so merged in the 
major fact that the force everywhere in action is nowhere lost, 
that to express this is to * express M the constitution of the 
universe.” But either conclusion implies a misapprehension of the 
problem. 

For these are all analytical truths, and no analytical truth, nor 
any number of analytical truths, will make up thab^jyn thesis of 
thought which alone can be an interpretation of the, synthesis of 
things. The decomposition of phenomena into their elements is 
but a preparation for understanding phenomena in their state of 
composition, as actually manifested. To have ascertained the laws 
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of Ok* factors is not t» hav#* i£trt4>ed the lam of their co¬ 
-operation. Tfcc thing to bfe expressed is the joint product of 
factors under *11 its various aspects. A fleer comprehendRm of 
this matter is important enough to justify some further e xp os i tion. 

| 91. Suppose R-chemist, a geologist, And a biologist, have given 
the deepest eaplanaribns furnished by their respective sciences, of 
the processes going on in a burning qpndle, in a region changed by 
earthquake. and in a growing plant. To the assertion that their 
explanations are not the deepest possible, they will probably 
rejoin—“ What Vrould you have ? What remains to be said of 
combustion when light and heat and the dissipation of substance 
!m\* all been traced dpwn to the liberation of molecular motion as 
their common cause? Whey all the actions accompanying an 
earthquake are explained as consequent upon the slow loss of the 
Earth's yjemal heat, how is it possible to go lower ? When the 
influence of light on the oscillations of molecules has been proved 
to account for vegetal growth, what is the imaginable further 
ratiofjalr? You ask for a synthesis. You say that knowledge 
does not end with the resolution of phenomena into the actions 
of certain factors, each conforming to ascertained laws; but that 
the laws of the factors having been ascertained, there comes the 
chief problem—to show how from their joint action result the 
phenomena in all ^heir complexity. Well, do not the above inter¬ 
pretations satisfy this requirement ? Do we not, starting with the 
molecular motions of thwelements concerned in combustion, build 
up synthetically an explanation of the'Ught, and the heat, and the 
produced gases, and the movements of tjie produced gases ? "Do 
we not, setting out from the still-continued radiation of the Earth's 
heat, construct by synthesis a clear conception of its nucleus as 
contracting, its crust as collapsing, as becoming shaken and Assured 
and contorted and burst through by lava ? / And is it not the same 
with the chemical changes and accumulation of matter in the 
growing plfeit ?" 

To all which the reply is, that the ultimate interpretation to be 
reached by Philosophy, is a universal synthesis comprehending and 
consolidating such special syntheses. The synthetic explanations 
which Science gives, even up to th^ most general, are more or £** 
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independent of one another^ Mifct fhere not be a* deeper explana¬ 
tion including them ?. Is it to be supposed that yi the burning 
candlK in the quaking Earthy and in the organism that is inrrcsft-* 
ing, the processes as whole* gre unrelated to one another ? If iUbe 
admitted that each of the factors concerned always operates in 
conformity to a law, is it %> be concluded that* their co-operation 
conforms to no law ? These various changesS&ctificial and natural, 
organic and inorganic, which for convenience sake we distinguish, 
are not from the highest point of view to be distinguished; for 
they are all changes going on in the same Cosmos, and forming 
parts of one vast transformation. The play of fofees is essentially 
the same in principle throughout the whole region explored bv our 
intelligence; and though, varying infinitely in their proportions 
and combinations, they work out results everywhere different, yet 
there cannot but be among these resufts a fundamental*community. 
The question to be answered is—what is the common glernent in 
the histories of all concrete processes? 

§ 92. To resume, then, we have now to seek a law of composi¬ 
tion of phenomena, co-extensive with those laws of their rom|>oncnts 
set forth in the foregoing chapters. Having seen that matter is 
indestructible, motion continuous, and force persistent—having 
seen that forces perpetually undergo transformations and that 
motion, following the line of least resistance, is^ always rhythmic, 
it remains to find the formula expressing the combined con¬ 
sequences of the laws thus separately' formulated. 

Such a formula must one yiat specifies the course of the 
changes undergone by both the matter and the motion. % Every 
transformation implies re-arrangement of parts; and a definition 
of it, while saying wlmt has happened to the sensible or insensible 
portions of substance concerned, must also say what has happened 
to the movements, sensible or insensible, which the re-afrajigcment 
of parts implies. Further, unless the transformation always goes 
on in the same way and at the same rate, the formuuKgiust specify 
the conditions under which it commences, ceases, and is reversed. 

The law we seek, therefore, miAt be the law of the continuous 
redistribution qf matter and motion. Absolute rest and per- 
mahence do not exist. Every qbjtfH, no less than the aggregate 
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of all object*, tmdergoqji fronhliw^ant^ fo instant ^some alteration 
of state. Gradually or qu^kly it is receiving motion or losing 
ngtion, while some or all of it* parts are simultaneously changing 
thgir relations to one another. And # the question is — What 
dynamic prindy^e, true of the metanforphosis as a whole and in 
its details, expresses these ever-changing relations? 
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CHAPTER XII 


EVOLUTION AND DISSOLITNON 

§ 93. An entire history of anything must include its appear¬ 
ance out of the imperceptible and its disappearance into the 
imperceptible. Any account of an object whidb t^ins with it yt 
a concrete form, or leaves off with ij. in a concrete^ fcflrm, is 
incomplete; since there remains an era of its existence undescrilwi 
and unexplained. While admitting that knowledge is limited 
to the phenomenal, we have, by implication, asserted that the 
sphere of knowledge is co-extensive with the phenomenal—co¬ 
extensive with all modes of the Unknowable which can affect 
consciousness. Hence, wherever we now find Being so conditioned 
as to act on our senses, there arise the questions—how came i4 to 
be thus conditioned ? and how will it cease to be thus conditioned f 
Unless on the assumption that it acquired a sensible form at the 
moment of perception, and lost its sensible form the moment after 
perception, it must have had an antecedent existence under this 
sensible form, and will have a subsequent existence under, this 
sensible form. And knowledge of it remains incomplete until it 
has united the past, presei^L, and jfuture histories into a whole. 

Our d&ilv sayings and doings prvsupftose more of less sue)? 
knowledge, actual or poteniial,.of states which have go lie before 
and of states which will .come idter^ Knowing any ti^ui personally, 
implies having, before seen him .under a shape inw$ «tbc samelLs 
his present shape { and knowing him simply as a iftan, iiflplics the 
inferred antecedent states of infancy, childhtyd, and youth. 
Though the man's future* not known* specifically? it is knqyvn 
generally that he will die and decay are facts which complete 
in outline the changes to be gone through by hiip. So with dll 
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objects around. The pre-existence under concrete forms of our 
woollens* silks** and cottons* we can trace some distance back. We 
are certain that our furniture consists of matter which was 
aggregated by trees within these few generations. Even of the 
st<>jj£s composing the walls of the house* we are able to say that 
’fears or centuries ago, they formed parts of some stratum in the 
fearth. Moreover, respecting the hereafter of the wearable fabrics, 
the furniture, and the walls, we can assert thus much, that they 
are all clocking, and in periods of various lengths will lose their 
present coherent shapes. This information which all men 

gain concerning the past and future careers of surrounding things. 
Science continues .unceasingly to extend. To the biography of 
the individual*fn$n, it adds an intra-utcrine biography beginning 
fcith him as^a minute germ; and following out his ultimate 
changes It finds his body resolved into certain gaseous products 
of decomposition. Not stopping short at the sheep's back and 
the caterpillar’s cocoon, it identifies in wool and silk the nitro¬ 
genous matters absorbed by the sheep and the caterpillar from 
plants. The substance of a plant’s leaves, in common with the 
wood from which furniture is made, it agaiu traces back to certain 
gpjes in the air and certain minerals in the soiL And the stratum 
of stone w hich was quarried to build the house, it learns was once 
a loose sediment deposited in an estuary or on the sea-bottom. 

If, then, the past and the future of each object is a sphere of 
possible knowledge; and if intellectual progress consists largely, 
if not mainly, in widening our afquaintance with this p&st and 
this Tuture; it is obvious that Uie limit towards which we progress 
is an expression of the whole past and the whole future ot each 
.object aiu^ the aggregate of objects. It is no less obvious that 
thisjimif, if reached, can be reached only in a verv qualified sense; 
iifflbrence more than observation must bring us to it. This garden 
■Manual we £nfce down.to a seed planted in the spring, and analogy 
helps us. baeft .to the microscopic ovule whence the seed arose. 
Observation, verifying forecast, extends our knowledge to the 
flowers and lbe seeds, aSid afterwards to the death and decay 
winch, sooner or later, fiuls in diffusion, partly through the air* 
partly through the soil. Here the rise of the aggregate out of 
the imperceptible and its passage back into the imperceptible is 

15 
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indistinct at each extreme. Nevertheless we may my that in the 
case of this organism^ as of organism* in general, the account, 
partially based cm observation but largely based on inferenec, 
fulfils the definition of a complete history fairly welL Hut it i* 
otherwise throughout 
the chief part. Only 
we form any eonceptioi 


the inorganic world. Inference here 4 ^ 1 v* 
bv the piecing together of scattcml fact* rn^> 
1 of the past or future of ev#n small inorganic 


masses, and still less can we form it of greater one*; and when we 
come to the vast masses forming our Solar System, the limit* to 
their existence, alike in the past and in the future, can lie known 
but inferentially: direct observation no longer fids us. Still, 
science leans more and more to the conclusion fchat these also once 
emerged from the imperceptible through succe*si%e stages of con 
densatinn and will in an immeasurably remote future agai?i 

into the imperceptible. So that here,* too, the concejftion of tP 
complete history is in a sense applicable, though we can never 
fill it out in more than an indefinite way. 

But after recognizing the truth that our knowledge is limited 
to the phenomenal and the further truth that even the sphere of 
the phenomenal cannot be penetrated to its confines, we must 
nevertheless conclude that so far as is possible philosophy ,ha* 
to formulate this passage from the imperceptible into the per¬ 
ceptible, and again from the perceptible into the imperceptible. 

This last sentence contains a tacit suggestion which must, 
however, he excluded. The apparent implication is that a 
confessedly imperfect theory may, by extension after the, manner 
described, be changed into an avowedly perfect one. But we 
may anticipate that the extension will prove in large measure 
impracticable. Complete accounts of the ix-ginnings and end* 
of individual objects cannot in most cases be reached: th ir initial 
and terminal stages are left vague after investigation lias dune 
its best. Still more, then, with the totality of things must *• r - 
conclude that the initial and terminal stages ere oeyond the 
reach of our intelligence. As we cannot fathom ^ither the infinite 
past or the infinite future, it follows that, both the emergence and 
immergence of the totality of sensible existences must ever remain 
matters of speculation only—speculation more or less justified 
by reasoning from established data, but still—speculation. 
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Hence tlie conception of Philosophy above implied must be 
regarded as an ideal to which the real can never do more than 
approximate. Ideals in general—even those of the exact sciences 
-cannot 1* reached, but can only be nearly approached; and 
veyhey, in common with other ideals are indispensable aids to 
fhquiry and discovery. So that while it may remain the aim of 
phihrsophy to give that comprehensive account of things which 
includes passage from the imperceptible into the perceptible and 
again ftom # the perceptible into the imperceptible, yet it may be 
admitted that it mast ever fall far short of this aim. Still, while 
recognizing i^s inevitable incompleteness, we infer that such 
appnmch to completeness as is possible will be effected under 
guidance of Ule # conceptions reached in the last two chapters. 
That ^general *fnw of the re-distribution of matter and motion which 
*»'(■ lately saw is required to unify the various kinds of changes, 
must also l>e one that unities the successive changes which sensible 
existences, sejwirately and together, pass through between their 
ap{>eamiH > e and their disappearance. Only by some formula combin¬ 
ing these characters can knowledge be reduced to a coherent whole. 

§ 94. Already in tire foregoing paragraphs the formula is fore¬ 
shadowed. Already in recognizing the fact that Science, tracing 
back the histories of various objects, finds their components were 
once in diffused states, and forecasting their futures sees that 
diffused states will be again assumed by them, we have recognized 
the fact that the formula must be one comprehending the two 
opposite processes of concentration and dispersion. And already 
in 4hus describing the general nature of the formula, we have 
approached a specific expression of it. The change from a dis¬ 
persal, imperceptible state to a concentrated, perceptible state, is 
awi integration of matter and concomitant dissipation of motion; 
«pd the chaise from a concentrated, perceptible state to a dispersed, 
impercegtiCl<?state, is an absorption of motion and concomitant dis¬ 
integration of matter. These are truisms. Constituent parts cannot 
aggregate wifjto&t losing«omc of their relative motion; and they 
csffinot separate without more relating motion being given to them. 
We are not concerned here with any motion which the components 
of a mass have Vith respect to other masses: we are concerned only 
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with the motion they have with respect to one another. Confining 
our attention to this internal motion, and to the matter possessing 
it, the axiom which we have to recognize is that a progressing 
consolidation involves a decrease of _ internal motion; and that 
increase of internal motion involves a progressing unronsolid^jpn. 

When taken together, the two opposite processes thus formulntcti 
constitute the history of every sensible existence under its simplest 
form. Loss of internal motion and consequent integration, eventu¬ 
ally followed by gain of internal motion and consequent di; - 
integration—see here a statement comprehensive of the nt ; v series 
of changes passed through: comprehensive in an extremely general 
way, as any statement which holds of sensible existences at large 
must be ; but still, comprehensive in the sense th^t'a.11 the changes 
gone through fall within it. This will probably lie thought to6 
sweeping an assertion, but we shall quickly find it justified. 

| 95. For here we have to note the further all-important fact, 
that every change suffered by every sensible existence, is a change 
in one or other of these two opposite directions. Apparently an 
aggregate which has passed out of some originally discrete state 
into a concrete state, thereafter remains for an indefinite period 
without undergoing further integration, air’ without beginning to 
disintegrate. But this is untrue. All things are growing or 
decaying, accumulating matter or wearing away, integrating or 
disintegrating. All things are varying .n their temperatures, 
contracting or expanding, integrating or disintegrating. Both the 
quantity of matter contained in an aggregate and *he quantity of 
motion contained in it increase or decrease; and increase* or 
decrease of either is an advance towards greater diffusion or greater 
concentration. Continued losses or gains of sutatanee, wc ver 
slow, imply ultimate disappearance or indefinite enlargement; aad 
losses or gains of insensible motion will, if coptimi'd,'produce com¬ 
plete integration or complete disintegration. Ileat.rfivs falling on 
a cold mass, augmenting the molecular m lions throughout it. and 
causing it to occupy more space, are beginning u 1 prpeess which if 
carried far will disintegrate the mass into liquid, and if curried 
farther will disintegrate the liquid into gas. Conversely, the 
decrease of bulk which a volume of gas undergoes as it parts with 
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some of its molecular motion, is a decrease which, if the loss of 
molecular motion proceeds, will be followed by liquefaction and 
qpentnally by solidification. And since th&re is no such thing as 
a constant temjKrature, the necessary inference is that every 
agrg^gate is nt every moment progressing towards either greater 
Concentration or greater diffusion. 

96 \ general idea of these universal actions under their 

simplesf asj*rct.s having been obtained, we may now consider them 
under certain more complex aspects. Thus far we have supposed 
one or other o{ the two opposite processes to go on alone—we have 
supposed an aggregate to be either losing motion and integrating 
or gaining inoiloy and disintegrating. But though every change 
Turtlifc-rs one or other of these processes, neither process is ever 
umpialifhsl by the other. For each aggregate is at all times both 
gaining molion and losing motion. 

Every mass, from a grain of sand to a planet, radiates heat to 
other masses, and ahsorlks heat radiated by other masses ; and in 
so far as it does the one n becomes integrated, while in so far as it 
does the other it Ireeomes disintegrated. In inorganic objects this 
tlouhle prtHc.ss ordinarily works but unobtrusive effects. Only in a 
few cases, among which that of a cloud is the most familiar, does the 
conflict produce rapid and marked transformations. One of these 
Boating Inxlics of va|K>ur expands and dissipates, if the amount of 
molecular motion it receives from the Sun and Ear*h exceeds that 
which it loses* bv radiation intp space and towards dUjaoent 
surfaces; while, contrariwise, if, drifting over cold mountain tops, 
it radiates to them much more heat than it receives the loss of 
molet lor # motion *is followed bv increasing integration of the 
vapour .tfmding in the aggregation of it into liquid and 1 the fall of 
rain. Here, as (Uwhere, the integration or the disintegration is a 
sftffere »tial^«Vi!t. 

In 1’vjng ifg;regate> and especially in animals, these conflicting 
proc.-.vses go on with great activity umler several forms. There is 
not merely yluk we may call the passive integration of matter, 
wfiieh inanimate masses effect by simple molecular attractions, but 
there is an active integration of it under the form of food. In 
addition to thift passive superficial disintegration which inanimate 
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objects suffer from external agents animals produce in themselves 
active internal disintegration* by absorbing such agents. While* 
like inorganic aggregate!, they passively radiate and receive motio% 
they are aim active absorbers of motion latent in food, and active 
expendcr* of that motion. But notsftWWing this compltc^pn 
of the two pro c e sse s * and the immense exaltation of the conflict 
between them* it remains true that there is alarm's a differential 
progress towards either integration or disintegration. During the 
earlier part of the cycle of changes the integration prajumifhates— 
there goes on what we call growth. The middle part of the cycle 
is usually characterised, not by equilibrium between £he integrating 
and disintegrating processes, but by alterrmte excesses of them. 
And the cycle closes with a period in which t^eV)i>integrat ion, 
beginning to predominate, eventually puts a stop fd integration,* 
and after death undoes what integration had originally done. At* 
no moment are assimilation and waste so balanced that no increase 
or decrease of mass is going on. Even in cases where one part is 
growing while other parts are dwindling, and even in cases where 
different parts are differently exposed to external sources of motion* 
so that some are expanding while others are contracting, the truth 
still holds. For the chances are infinity to one against these 
opposite changes balancing one another; and if they do not 
balance* the aggregate as a whole is integrating or disintegrating. 

Hence that the changes ever going on are from a diffused 
imperceptible state to a concentrated perceptible state, and back 
again tb a diffused imperceptibly state ; must be that universal law 
of re-distribution of matter and motion, which serves to unify* the 
seemingly diverse groups of changes, as well as the entirecourse* of 
each group. 

§ 97. The processes thus everywhere in antagonism, and every¬ 
where gaining now a temporary and now an enduring fycdummanofe 
the one over the other, we call Evolution and Dissolution. t Evolu¬ 
tion under its most general aspect is the integration of matter and 
concomitant dissipation of motion; while Dis4bly,tion is the 
absorption of motion and concomitant disiptegration of matter. * 

The last of these titles answers its purpose tolerably well* but 
the first is open to grave objections. Evolution has other mean- 
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nigs* tiome of which arc incongruous with* and some even directly 
opposed to* Uye meaning here given to it The evolution of a gas 
is literally an absorption of motion and disintegration of matter* 
which is exactly the reverse of that which we here call Evolution. 
As ordinarily understood* to evolve is to unfold* to open and 
•xptftul* to throw out; whereas, as understood here, the process of 
Evolving, though it implies increase of a concrete aggregate* and in 
so far an expansion of it implies that its component matter has 
passed from a more diffused to a more concentrated state—has 
contracted. The antithetical word Involution would more truly 
express the nature of the change; and would* indeed, describe 
better those secondary characters of it which we shall have to deal 
with presently* \\ r a are obliged, however, notwithstanding the 
•liabilities to confusion resulting from these unlike and even con- 
tradictosy meanings, to use Evolution as antithetical to Dissolution. 
The word is now so widely recognized as signifying, not, indeed, 
the general process above described* but sundry of its most con¬ 
spicuous varieties, and certain of its secondary but most remarkable 
accompaniments, that we cannot now substitute another word. 

While, then, we shall by Dissolution everywhere mean the 
process tacitly implied by its ordinary meaning—the absorption of 
mfltion and disintegration of matter; we shall everywhere mean by 
Evolution the process which is always an integration of matter 
and dissipation of motion, but which, as we shall now see, is in 
most cases much more than this. 
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SIMPLE ASI) COMPOUND EVOLUTION 

| 98 . Wruk the onlv form at work are those directly tending 
to produce aggregation or diffusion, the whole 'history of an 
aggregate will comprise no more than the approaches of its 
components towards their common centre and their recessions from* 
their common centre. The process of Evolution, including noth* , 
ing beyond what was described at the outset of the last chapter, 
will be simple. 

Again, where the forces which cause movements towards a 
common centre greatly exceed all other forces, any changes 
additional to those of aggregation will be comparatively in¬ 
significant: there will be integration slightly modified by further 
kinds of re-distribution. 

Or if, because of the smallness of the mass, or because of the 
little motion it receives from without in return for the motion it 
loses, the integration proceeds rapidly; there will similarly be 
wrought but insignificant effects by secondary forces, even though 
these are considerable. 

But when, conversely, the integration is slow; either becayse 
the quantity of motion contained in the aggregate is relatively 
great; or Irrc&use, though the quantity of motion w'ni^h each 
part possesses is mot relatively great, the large size of the aggre¬ 
gate prevents easy dissipation Of the motion; or because, though^ 
motion is rapidly lost more motion is rapidly received ( tnen, other 
forces will cause in the aggregate sensible modifications. Along 
with the change constituting integration^, there trill take place 
further changes. The Evolution, instead of being simple, will hs 
compound. 

These several propositions require some explanation. 
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§ 90. So long as a body moves freely through space, every 
force which acts on it produces an equivalent in the shape of 
some change in its motion. No matter tfbw high its velocity, the 
slightest lateral traction or resistance causes it to deviate from 
its line of movement; and"lhe effect of the perturbing influence 
IjfcspPon accumulating in the ratio of the squares of the times during 
’which its actio% continues uniform. But when this same body is 
held f.Lst by gravitation or cohesion, small incident forces, instead 
of giving it some relative motion through space, are otherwise 
disputed. 

What thus holds of masses holds, in a qualified way, of the 
sensible jmrt* of masses, and of molecules. As the sensible parts 
of a mass, nqjjt tfie molecules of a mass, are, by virtue of their 
aggravation, not *|x*rfcctlv free, it is not true of each of them, as 
of a both' moving through sjxare, that even* incident force produces 
an etjuivalent change of position: part of the force goes in work¬ 
ing other changes. But in proportion as the parts or the mole¬ 
cules are feebly bound together, incident forces effect marked 
re-arrangements among them. Where the integration is so slight 
that the [virts, sensible or insensible, are almost independent, they 
are almost completely amenable to every additional action ; and 
alcfhg with the concentration going on there go on other re¬ 
distributions. Contrariwise, where the parts are so close that what 
we call the attraction of cohesion is great, additional actions, 
unless intense, have little power to cause secondary re-arrangements. 
The firmly-united parts do not cjiange their relative positions in 
oliedicnce to small perturbing forces ; but each small perturbing 
fog** usually does nothing more than temporarily modify the 
insensible molcculaf motions. 

How jnAy we best express this difference in general terms ? An 
aggregate that is widely diffused, or but little integrated, is an 
aggregate containing a large quantity of motion—actual or 
potential dV ‘both. An aggregate that has become completely 
integrated or dense, is one containing comparatively little motion: 
most of the motion its parts once had has been lost during the 
integration that has rendered it densA Hence, other things equal, 
in proportion to the quantity of motion an aggregate contains 
will be the quantity of secondary change in the arrangement of 
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its parts that accompanies the primary change in their arrange¬ 
ment. Hence also, other things equal, in proportion to the time 
during which the internll motion is retained, will be the quantity 
of this secondary re-distribution. It matters not how these condi¬ 
tions are fulfilled. Whether the internal ptotion continues ^reat 
because the components are of a kind that will not readily aggre- 1 
gate, or because surrounding conditions prevent them from parting 
with their motion, or because the loss of their motion is impeded 
by the size of the aggregate they form, or because the^ directly or 
indirectly obtain more motion in place of that which they lose; 
it throughout remains true that much retained internal motion 
renders secondary re-distributions facile, and that long retention 
of it makes possible an accumulation of such •secondary re¬ 
distributions. Conversely, non-fulfilment of these coftditurns,Jhow* 
ever caused, entails opposite results. iBe it that the components of 
the aggregate have special aptitudes to integrate quickly, or be 
it that the smallness of the aggregate permits easy escape of 
their motion, or be it that they receive little or no motion in 
exchange for that which they lose; it alike holds that but little 
secondary re-distribution can accompany the primary re-distribution 
constituting their integregation. 

Let us, before studying simple and compound Evolution*as 

thus determined, contemplate a few cases in which the quantity of 

internal motion is artificially changed, and note the effects on the 

re-arrangement of parts. 

* 

§ 100. When a vessel has been filled to the brim with loose 
fragments, shaking it causes them to settle down into less space* so 
that more may be put in. And when among *the fragments there 
are some of mu£*h greater specific gravity than the rest, /hesc, in 
the course of a prolonged shaking, find their way to the bottom. 
What are these results, expressed in general terms f, We have & 
group of units acted on by an incident force—the ajttfaction of the 
Earth. So long as these units are not agitated, this incident force 
cannot change their relative positions; Agitate 4hqpn, and their 
loose arrangement passes into a morq compact arrangemeht. 
Again, so long as ( they are not agitated, the incident force cannot 
separate the heavier units from the lighter; agitate* them, and the 
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heavier units begin to segregate. Mechanical disturbances 

of more minute kinds acting on the parts of much denser masses, 
produce analogous effects. A piece of iron which, when it leaves 
the workshop, is fibrous in structure, becomes crystalline if exposed 
to.^ perpetual jar. The polar forces mutually exercised by the 
3ttoms, fail to change their disorderly arrangement into an orderly 
arrangement while they are relatively quiescent; but these forces 
succeed in re-arranging them when they arc kept in a state of 
intestine motion. Similarly, the fact that a bar of steel, suspended 
in the magnetic meridian and repeatedly struck, becomes magnetized 
is ascribed tq a re-arrangement of particles produced by the 
magnetic force of ^he Earth when vibrations are propagated through 
them. VNpw imperfectly as these cases parallel those we are 

'considering, tliey yet serve roughly to illustrate the effect which 
adding to the quantity of motion an aggregate contains has in 
facilitating re-distribution of its components. 

More fully illustrative are the instances in which, by artificially 
adding to or subtracting from the molecular motion called its 
heat, we give an aggregate increased or diminished facility of 
re-arranging its molecules. The process of tempering steel or 
annealing glass shows us that internal re-distribution is aided by 
insensible vibrations, as we have just seen it to be bv sensible 
vibrations. When some molten glass is dropped into water, and 
its outside is thus, by sudden solidification, prevented from partici¬ 
pating in that contraction which subsequent cooling of the inside 
tends to pnxiuce; the units are left in such a state of tension, that 
the Inass Hies into fragments if a small portion be broken off. But 
if »this mass be kept for a day or two at a considerable heat, 
though a Ijeat not sufficient to alter its form, this extreme brittleness 
di.sfqqx-srs: the component particles being thrown into greater 
agitation, the tensile forces are enabled to re-arrange them into a 
state of equilibrium. . Much more conspicuous is the effect 

of heat ydiere the re-arrangement of parts taking place is that of 
visible segregation. An instance is furnished by the subsidence of 
fine precipitate! These sink down very slowly from solutions 
wTiich are cold; while warm solutions deposit them with compara¬ 
tive rapidity. That is to say, exalting the molecular oscillation 
throughout the mass allows the suspended particles to separate 



THE KNOWABLE 


mope readily from the particles of fluid. The influence of 

heat on chemical changes is so familiar that examples are scarcely 
needed Be the substances concerned gaseous, liquid, or solid, it 
equally holds that their chemical unions and disunions are aided by 
rise of temperature. Affinities, which do not suffice to effect thgje- 
arrangement of mixed units that are in a state of feeble agitation,* 
suffice to effect it when the agitation is raised toes certain point* 
And so long as this molecular motion is not great enough to prevent 
those chemical cohesions which the affinities tend ty gfroduce, 
exalting it facilitates chemical re-arrangement 

Let us pass to illustrations of a different class. t Other things 
equal, the liquid form of matter implies a greater quantity of 
contained motion than the solid form : the liquidity being itself a 
consequence of such greater quantity. Hence, an abrogate jpade 
up partly of liquid matter and partly of solid matter, contains 
more motion than one which, otherwise like it, is made up wholly 
of solid matter. It is inferable, then, that a liquid-solid aggregate, 
or, as we call it, a plastic aggregate, will admit of internal re¬ 
distribution with comparative facility; and the inference is verified 
by experience. While a magma of unlike substances ground up 
with water continues thin there godl on a settlement of its heavier 
components—a separation of them from the lighter. As the water 
evaporates this separation is impeded, and ceases when the magma 
becomes thick. But even when it has reached the semi-solid state 
in which gravitation fails to cause further segregation of its mixed 
components, other forces may ^till produce segregation: witness 
the fact that when the pasty mixture of ground flints and kadlin, 
prepared for making porcelain, is kept some time, it becomes gritty 
and unfit for use—the particles of silica separate themselves from 
the rest andlunite into grains; or witness the fact known tp every 
housewife, that in long-kept cugrant jelly the sugar takes the shape 
of embedded crystals. 

No matter then under what form the motion cpritalned by an 
aggregate exists—he it visible agitation, or such vibrations as 
produce sound, be it molecular motion (absorbed fipm without, 
or the constitutional molecular motion ot, some component liquffi, 
the same truth holds. Incident forces work secondary re-distribu* 
tions easily when 'the contained motion is large in*quantity; and 
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work them with increasing difficulty as the contained motion 
diminishes. 

| 101. Yet another clam of facts which fall within the same 
^ngfalization must be named before proceeding. They are those 
^presented by certain contrasts in chemical stability. Speaking 
generally, stable compounds contain but little molecular motion, 
and in proportion as the contained molecular motion is great the 
instability great 

The most common and marked illustration of this, is that 
chemical stability decreases as temperature increases. Compounds 
of which the elements are strongly united, and compounds of which 
the elements iVe feebly united, are alike in this, that heating them 
or adding to**the quantities^ of their contained molecular motion 
diminishes the strengths of the unions of their elements; and by 
continually augmenting the contained molecular motion, a point 
is in each case reached at which the union is destroyed. That 
is to say, the re-distribution of matter which constitutes simple 
chemical decomposition, is easy in proportion as the quantity of 
contained motion is great The like holds with double 

decompositions. Two compounds, A B and C D, mingled to¬ 
gether and kept at a low temperature, may severally' remain un¬ 
changed : the cross affinities between their components may fail to 
cause re-distribution. Raise the heat of the mixture, and re¬ 
distribution takes place; ending in the formation of the com¬ 
pounds A C and It D. 

Another truth having a like implication is that chemical 
elements "which, as they ordinarily exist, contain much motion, 
have combinations less stable than those of which the elements, 
as theyoonlinarily exist, contain little motion. *|lie gaseous form 
of matter implies a relatively larg*} amount of molecular motion, 
while the s^lid form implies a relatively small amount. What 
are the trails,of their respective compounds? Those which the 
permanent gases form with one another cannot resist high 
temperatures,: ffiost of them are easily decomposed by heat; and 
at a red heat, even the .stronger ones yield up their components. 
On the other hand, the chemical unions between elements that 
are solid, except at high temperatures, are very stable. In many. 
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if not indeed in most, cues, such unions are not destroyed by any 
heat we can produce. 

There is, again, the relation, which appears to have a kindred 
meaning, between instability and amount of composition. “ In 
general, the molecular heat of a compound increases witi^thc 
degree of complexity." With increase of complexity there alsd 
goes increased facility of decomposition. Whencw it follows that* 
molecules which contain much motion in virtue of their complexity 
are those of which the components are most easily redistributed. 
This holds not only of the complexity arising from the union of 
several unlike elements ; it holds also of the complexity arising 
from the union of the same elements in higher qmltiplcs. Matter 
has two solid states, distinguished as crystalloid it*:l colloid; of 
which the first is due to union of the individual atonic or molten lea, 
and the second to the union of groups of such individual atoms or 
molecules; and of which the first is stable and the second unstable. 

But the most conclusive illustration is furnished by the combina¬ 
tions into which nitrogen enters. These are specially unstable and 
contain specially great quantities of motion. A peculiarity of 
nitrogen is that, instead of giving out heat when it combines with 
other elements, it absorbs heat. B&ides carrying with it into the 
liquid or solid compound it forms the motion which previously 
constituted it a gas, it takes up additional motion ; and where the 
other element with which it unites is gaseous, the molecular 
motion proper to this, also, is locked up in the compound. Now 
these Nitrogen compounds are unusually prone to decomposition; 
and the decompositions of many of them take place with extteme 
violence. All our explosive substances are ni trogenous-*-the most 
destructive of them all, chloride of nitrogen, being one which 
contains the immense quantity of motion proper to its cogipopent 
gases, plus a further quantity gf motion. 

Evidently these general chemical truths qre partrf„of the more 
general physical truth we are tracing out. We sey tn them that 
what holds of sensible masses holds also of the insensible masses 
we call molecules. Like the aggregates* formed* o£ them, these 
ultimate aggregates become more or less, integrated according 'Us 
they lose or gain ^motion; and like them also, according as thqy 
contain much or little motion, they are more efr less liable to 
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undergo secondary redistributions dong with the primary re* 
distribution. * 

§102. And now having brought this general principle clearly 
interview, let us observe Saw* in conformity with it. Evolution 
Wom«, necording to the conditions, either simple or compound. 

If a little AoJoimnumutc or other volatile solid be heated, it is 
disintegrated by the absorbed molecular motion and rises in gas. 
If this gas fom« in con tart with a cold surface, and loses its excess 
of molecular motion, integration takes place — the suljstance 
assume* tlic fojro of crystals. Ibis i* a case of simple evolution. 
The concentration of matter and dissipation of motion do not 
here proceed gradually—do not pass through stages; but the 
molecular motion which caused assumption of the gaseous state 
being dflUipated, the matter passes suddenly to a solid state. The 
result is that along with this primary re-distribution there go on 
no appreciable secondary re-distributions. Substantially the same 
thing holds with crystals deposited from solutions. Loss of that 
molecular motion which, down to a certain point, keeps the 
molecules from uniting, ami sudden solidification when the loss 
goes below tlmt point, occur hAe as before; and here as before, the 
absence of a period during which the molecules are partially free 
and gradually losing their freedom, is accompanied by the absence 
of minor re-arrangements. 

Mark, conversely, what happens when the concentration is slow. 
A gaseous mas* losing its heat and undergoing a consequent 
decrease of bulk, undergoes also many simultaneous changes. The 
gnat quantity of molecular motion contained in it, giving great 
molecular freedom, renders every part sensitive to eyerv incident 
force; und, as a result, its parts have various motions *i>esides that 
i.nplied by their progressing integration. Indeed these secondary 
motions whi*'h we know as currents, are so conspicuous as quite to 
subordinate the primary motion. Suppose that, presently, the 

loss of molecular motion has reached the point at which the 
gaseous stat» vhn no hmger be maintained, and condensation 
follows. Under their more closely-united form, the parts of the 
aggregate display, to a considerable degree, the same phenomena 
as before. The molecular motion and accompanying molecular 
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mobility implied by the liquid state, permit easy re-arrangement; 
ami hence there go on rapid and marked changes in the relative 
positions of parts—local streams produced by slight disturbing 
forces. But now, if instead ofa mobile liquid we take a 

sluggish one such as molten pitch or asphalte, what happens the 
molecular motion decreases ? The liquid thickens—its parts cease to 
be movable among one another with ease; and the transpositions 
caused by feeble incident forces become slow. Little bv little the 
currents are stopped, but the mass still continues modifiable by 
stronger incident forces. Gravitation makes it bend or spread out 
when not supported on all sides, and it may easily be indented. 
As it cools, it continues to grow stiller; and eventually, further 
loss of heat renders it quite hard : its jmrts are no longer appreci¬ 
ably re-arrangeable by any save violent actions. 

Among inorganic aggregates, then, secondary re-distributions 
accompany the primary re-distribution where this is gradual. 
During the gaseous and liquid stages, the secondary re-distributious, 
rapid and extensive as they are, leave no traces: the molecular 
mobility being such as to negative the fixed arrangement of parts 
we call structure, On approaching solidity we arrive at a plastic 
condition in which re-distributions can still l*s made, though much 
less easily; and in which they have a certain persistence—a per¬ 
sistence which can, however, become decided only where solidification 
stops further re-distribution. 

Here we see what are the conditions under which Evolution 
becomes compound, while we see how the compounding of it can 
be carried far only in cases more special than any hitherto con¬ 
templated ; since, on the one hand, extensive secondary ‘re¬ 
distributions are possible only where there is a great quantity of 
contained motion, and, on the other hand, such re-distributtons 
can have permanence only whqre the contained motion has bccon.‘* 
small: opposing conditions which seem to negative^ any large 
amount of permanent secondary re-distribution. 

| 103. And now we are in a position to see how 4 these apparently 
contradictory conditions are reconciled. We shall appreciate the 
peculiarity of the aggregates classed as organic, in which Evolution 
becomes so high; and shall see that this peculiarity consists in the 
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combination of matter into forms embodying enormous amounts 
of motion at the same time that they have a great degree of 
opncentr&tion. 

For notwithstanding its semi-solid consistence, organic matter 
contains molecular motion locked up in each of the ways above con¬ 
templated separately. Let us note its distinctive traits. Three 

out of its four chief components are gaseous; and in their uncom- 
bincd states these gases united in it have so much molecular 
motion *tiu||: they are condensible only with extreme difficulty. 
Hence it is to be inferred that the proteid molecule concentrates 
an immense amount of motion in a small space. And since many 
equivalents of thege gaseous elements unite in one of these proteid 
molecules, thesaf must be in it a large quantity of relative motion in 
addition to thJft which the ultimate atoms possess. Moreover, 

organic matter has the peculiarity that its molecules are aggregated 
into the colloid and not into the cry stalloid arrangement; forming, 
as is supjKJsed, clusters of clusters which have movements in relation 
to one another. Here, then, is a further mode in which molecular 
motion is included. Yet again, these compounds, of which the 

essential parts of organisms are built, arc nitrogenous ; and we have 
lately seen it to be a peculiarity of nitrogenous compounds that, 
instead of giving out heat during their formation, they absorb 
heat. To all the molecular motion possessed bv gaseous nitrogen, 
is added more motion; and tire whole is concentrated in semi-solid 
protein. Organic aggregates are very generally distin¬ 

guished, too, by having much insensible motion in a free flate— 
the tnotion we call heat. Though in many cases the quantity of 
this contained insensible motion is inconsiderable, in other cases 
a temperature much* above that of the environment ig constantly 
nmiytaiaetL Once more, there is the vast quantity of 

tjpotion embodied in the water that permeates organic matter. It 
is this which,‘giving tp the water its high molecular mobility, gives 
mobility to tlie prganic molecules partially suspended in it; and pre¬ 
serves that plastic state which so greatly facilitates re-distribution. 

These scvci^l Itateinentss yield no adequate idea of the extent to 
which living organic substance is tfius distinguished from other 
substances having like sensible forms of aggregation. But some 
approximation to such an idea may be obtained by contrasting the 

16 
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balk occupied by this substance! with the bulk which its con* 
stituents would occupy if uncombined. An accurate comparison 
cannot be made in the present state of science. What ex}Mumon 
would occur if the constituents of the nitrogenous compounds 
could be divorced without adding motion from without is too 
complex a question to be answered. But respecting the constitu¬ 
ents of that which forms four-fifths of the weight of an ordinary 
animal—its water—& tolerably definite answer can be given. 
Were the oxygen and hydrogen of water to lose their kffmitics, 
and were no molecular motion supplied to them beyond that 
contained in water at blood-heat, they would assume a volume 
twenty times that of the water.* Whether protein under like 
conditions would expand in a greater or a less degh ?, must remain 
an open question; but remembering the gaseous nature of three 
out of its four chief components, remembering the alxvve-named 
peculiarity of nitrogenous compounds, remembering the high 
multiples and the colloidal form, we may conclude that the 
expansion would be great. We shall not lie wrong, therefore, in 
saying that the elements of the human body, if suddenly disengaged 
from one another, would occupy far more than a score times the 
space they do: the movements of their molecules would conifwl 
this wide diffusion. Thus the essential characteristic of living 
organic matter, is that it unites this large quantity of contained 
motion with a degree of cohesion which permits temporary fixity 
of arrangement. 

| 104. Besides seeing that organic aggregates differ frefm other 
aggregates, alike in the quantity of motion they contain and the 
amount of re-arrangement of parts which accompanies their pro¬ 
gressive integration; we shall see that among organic segregates 
themselves, differences in the quantities of contained motion .’re 
accompanied by differences in the amounts of re-distribution. 

The contrasts among organisms in chemical composition yield 
us the first illustration. Animals are distinguished from plants 
by their far greater amounts of structure, as will as by the far 
greater rapidity with which changes go on in them; and,"in 

* I am indebted for this mult to Dr. [afterwards Sir] ^Edward Frank,land, 
who has been good enough to have the calculation made for me. 
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comparison with plants animals contain immensely larger pro¬ 
portions of those nitrogenous molecules in # which so much motion 
i» locked up. So, too, is it with the contrasts between the 
different ports of each anima^ Though certain nitrogenous parts, 
as cagilage, are stable and inert, yet the {girts in which secondary 
re-distributions have gone on, and are ever going on, most actively, 
are those tnainlyaformed of highly-compounded nitrogenous mole¬ 
cules ; while }>arbs which, like deposits of fat, consist of relatively- 
simple molarities, that are non-nitrogenous, are seats of but little 
structure and but little change. 

We find proyf, too, that the continuance of tine secondary re¬ 
distributions by jvhich organic aggregates are distinguished, 
dejlends on the* presence of that locked-up motion which gives 
mobility to tfTe water diffused through them; and that, other 
things ecfual, there is a din'd relation lietwecn the amount of 
re-distribution and the amount of contained water. The evidences 
may be put in three groups. There is the familiar fact 

that a plant has its formative changes arrested by cutting off 
the supply of water: the primary re-distribution continues—it 
withers and shrinks or becomes more integrated—hut the secondary 
re-c^jstrihut ions cease. There is the less familiar fact that the 
like result occurs in animals—occurs, indeed, after a relatively 
smaller diminution of water. Certain of the lower animals furnish 
’ additional proofs. The Kotifera may be rendered apparently 
lifeless by desiccation, and will yet revive if wetted. When the 
African rivers it inhabits are dried up, the Lejtuhntiren remains 
torpift in the hardened mud until return of the rainy season brings 
water. Ilf)mboldt states that during the* summer drought, the 
alligators of the Pampas lie buried in a state of suspended anima¬ 
tion .beifeath the parched surface, and struggle.up out of the 
eafth as soon as it becomes humid* The history of each 

organism t^u^fies the same thing. The young plant, just putting 
its head jdxive Ahe soil, is more succulent than the adult plant; 
and the amount^ of transformation going on in it is relatively 
greater. In that*portion *of an egg ^hich displays the formative 
processes during the coaly stages of incubation, the changes of 
anangement are more rapid than those which an equal portion 
of the body of a hatched chick undergoes. As may be inferred 
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from their respective power# to acquire habits and aptitudes, the 
structural modifiability of a child is greater than that of an adult; 
and the structural modifiability of a young man is greater than 
that of an old man: contrasts whid$ are associated with contrasts 
in the densities of the, tissues; since the ratio of water ty solid 
matter diminishes with advancing age. And then we have 

this relation repeated in the contrasts betweenoparts of the same 
organism, in a tree, structural changes go on rapidly at the ends 
of shoots, where the ratio of water to solid matter v- very great; 
while the changes are very slow in the dense and almost dry 
substance of the trunk. Similarly in animals, we have the contrast 
between the high rate of change going on in a, so ft tissue like the 
brain, and the low rate of change going on in *<dry non-vascular 
tissues—hairs, nails, horns, &c. 

Other groups of facts prove that the quantity of‘ secondary 
re-distribution in an organism varies, cartrria jkiribu according 
to the contained quantity of the motion called heat The 
contrasts between different organisms, and different states of the 
same organism, unite in showing this. Speaking generally, 

the amounts of structure and rates of structural change, are 
smaller throughout the vegetal kingdom than throughout the 
animal kingdom; and, speaking generally, the heat of plants is 
less than the heat of animals. Comparisons of the several divisions 
of the animal kingdom with one another disclose parallel relations. 
Regarded as a whole, vertebrates are higher in temperature than 
invertebrates; and they are as a whole higher in activity and 
complexity. . Between subdivisions of the Vertebrata tKfcmselves, 
like differences in the degrees of molecular vibration*accompany 
like differences in the degrees of evolution. The least compounded 
of the Vertebra}a are the fishes; and, usually, the heat of fishes is 
nearly the same as that of ,*he water in which they swim: «>ly 
some large ones being decidedly warmer. . ThougK we habitually 
speak of reptiles as cold-blooded, and though they have, not much 
more power than fishes of maintaining a temperature above that 
of their medium, yet since their medium (which*!s, jn the majority 
of cases, the air of warm climates) is on the average warmer than 
the medium inhabited by fishes, the temperature of the class 
reptiles is higher than that of the class fishes; and we see in them 
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a correspondingly higher complexity. The much more active 

molecular agitation in mammal* and birds, goes along with a 

considerably greater multiformity of structure and a far greater 

vivacity. The most instructive contrasts, however, are 

those occurring in the same organic aggregates at different 

tAnporatures. Structural changes in plants vary in rate as the 

temperature varies. Though light effects those molecular changes 

causing vegetal growth, yet in the absence of heat, such changes 

are not Minted: in winter there is enough light, but not enough 

heat. That this is the sole cause of the suspension of growth, 

is proved by the fact that at the same season, plants contained 

in hot-houses go on producing leaves and flowers. We see, too, 

that their scedft to which light is not simply needless but 

detrimental, germinate only when the return of a warm season 

raises the*rate of molecular agitation. In like manner the ova of 

animals, undergoing those changes which produce structure in 

them, must be kept more or less warm : in the absence of a certain 

amount of motion among their molecules, the re-arrangement of 

parts docs not go on. Hybernating animals also supply proof 

that loss of heat carried far retards extremely the vital transforms- 

* 

tions. In animals which do not hvbernate, as in man, prolonged 
exposure to intense cold causes extreme sleepiness, which implies 
a lowered rate of organic changes; and if the loss of heat continues, 
there comes dentil, or stoppage of these changes. 

Here, then, is an accumulation of proofs. Living aggregates 
are distinguished by the associated .facts, that during integration 
they undergo remarkable secondary changes which other aggregates 
do not undergo to anything like the same extent; and that they 
contain (bulks being Supposed equal) immensely greater quantities 
of motion# locked up in various ways. 

*§ 105. The # jlast chapter closed with the remark that while 
Evolution is* always an integration of Matter and dissipation of 
Motion, it is in most cases much more. And this chapter opened 
by specifying t|ie Conditions under which Evolution is integrative 
only, or remains simple, jMid the conditions under which it is 
something further than integrative, or becomes compound. In 
illustrating this dbntrast between simple and compound Evolution, 
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mad in explaining how the contn&t aim a vague idea of Evolu¬ 
tion In general has been conveyed. Unavoidably, we liavt* to some 
extent forestalled the'full discussion of Evolution about to be 
commenced. 

There is nothing in this to regret A preliminary conception, 
indefinite but comprehensive, is needful ns an introduction to *« 
definite conception. A complex idea is not communicable dircctl/, 
by giving one after another its component parts in their finished 
forms; since if no outline pre-exists in the mind of tye incipient, 
these component parts will not be rightly combined. Much 
labour has to be gone through which would have been saved had 
a general notion, however cloudy, l>et*n conveyed before the 
distinct and detailed delineation was commenced!,. 

That which the reader has incidentally gathered respecting the 
nature of Evolution from the foregoing sections, he may thus 
advantageously use as a rude sketch. He will bear in mind that 
the total history of every sensible existence is included in its 
Evolution and Dissolution; which last process we leave for the 
present out of consideration. He will not forget that whatever 
aspect of it we are for the moment considering, Evolution is 
always to be regarded as an integration of Matter and dissipation 
of Motion, which may be, and usually is, accompanied by other 
transformations of Matter and Motion. And he will everywhere 
expect to find that the primary re-distribution ends in forming 
aggregates which are simple where it is rapid, but which become 
comp6und in proportion as \£s slowness allows the effects of 
secondary re-distributions to accumulate. 

| 106. There is much difficulty in tracing'out transformation 
so vast, so varied, and so intricate as those now to be entered ypon. 
Besides having \o deal with concrete phenomena of all orders, t^e 
have to deal with each group of phenomena under Several aspects, 
no one of which can be fully understood apart fryni (he rest and 
no one of which can be studied simultaneously with the rest. 
Already we have seen that during Evolution tvfe great classes of 
changes are going on together; and we shall presently see that the 
second of these great classes is re-divisible. Entangled with ope 
another as all these changes are, explanation df any one class 
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or order involve* direct or indirect reference to others not yet 
explained. W\ can do no more than make the best compromise. 

# It will be most convenient to devote the next chapter to a 
detailed account of Evolution under its primary aspect; tacitly 
recognizing its secondary aspects only so for as the exposition 
necessitates. 

* The succeeding two chapters, occupied exclusively with secondary 
re-distributions will make no reference to the primary re-distribu¬ 
tion beyond that which is unavoidable: each being also limited to 
one particufar trait of the secondary re-distributions. 

In a further chapter will be treated a third, and still more 
distinct, character of the secondary re-distributions. 
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THE LAW OF EVOLUTION 

§ 107. Deduction' has now to be verified by induction. Thus 
far the argument has been that all sensible existences must, in 
some way or other and at some time or other, reach“thcir concrete 
shapes through processes of concentration; and the facts named 
have been named merely to clarify the perception of this necessity. 
But we have not arrived at that unified knowledge constituting 
Philosophy, until we have seen how existences of all orders do 
exhibit a progressive integration of Matter and accompanying 
loss of Motion. Tracing, so far as we may by observation and 
inference, the objects dealt with by the Astronomer and the 
Geologist, as well as those which Biolog}*, Psychology, And 
Sociology treat of, we have to consider what direct proof there 
is that the Cosmos, in general and in detail, conforms to this law. 

Throughout the classes of facts successively contemplated, 
attention will be directed not ^so much to the truth that every 
aggregate has undergone, or is undergoing, integration, as to the 
further truth that in every more or less separate part of every 
aggregate, integration has been, or is, in pfogress. Instead of 
simple whofes and wholes of which the complexity ' hn* been 
ignored, we have now to deal ( with wholes as they actually ex& 
—mostly made up of many members combined in*, many ways. 
And in them we shall have to trace the transforina'tion under 
several forms—a passage of the total mass from a more diffused 
to a more consolidated state; a concurrent similar passage in 
every portion of it that corned to have a distinguishable individa- 
ality; and a simultaneous increase of combination among suqh 
individualized portions. 



THE LAW OF EVOLUTION 


*47 


| 108. Our Sidereal System by it* general form, by its clusters 
of stars of various degrees of closeness, and by its nebulas in aU 
stages of condensation, gives grounds for suspecting that, generally 
and locally, concentration is going on- Assume that its matter 
has lifccn, and still is being, *drawn together by gravitation, and we 
ltave*an explanation of its leading traits of structure—from its 
%olidificd masses^up to its collections of attenuated flocculi barely 
discernible by the most powerful telescopes, from its double stars 
lip to complex aggregates as the nubeculie. Without dwell¬ 

ing on this evident*, however, let us pass to the case of the Solar 
System. 

The belief, so variously supported, that this has had a nebular 
genesis, is thejvelief that it has arisen by the integration of matter 
and concomitant loss of motion. Evolution, under its primary 
asjject, is illustrated most sifhply and clearly by this passage of 
the Solar System from a diffused incoherent state to a consolidated 
coherent state. While, according to the nebular hypothesis, 

there has been going on a gradual concentration of the Solar 
System as an aggregate, there has been a simultaneous concentra¬ 
tion of each partially-independent member. The changes of every 
planet in passing through its stages of nebulous ring, gaseous 
spHeroid, liquid spheroid, and spheroid externally solidified, have 
in essentials—dissipation of motion and aggregation of matter— 
paralleled the changes gone through bv the general mass; and 
those of every satellite have done the like. Moreover, at 

the same time that the matter of # the whole, as well as the matter 
of ciieh partiallv-indepondent part, has been thus integrating, there 
ha# been tjie further integration implied by increasing combination 
among the parts. The satellites of each planet are linked with 
their primary into a balanced cluster; while the planets and their 
satellites form with the Sun a cojn pound grou^i, of which the 
metnlicrs arc • more strongly bound together than were the far- 
spread porfi<3hs # of the nebulous medium out of which they arose. 

Even *apart from the nebular hypothesis, the Solar System 
furnishes facts hiving a like general meaning. Not to make much 
of the meteoric matter perpetually* added to the Earth, and 
probably to the other planets as well as in larger quantities to 
the Sun, it will* suffice to name two generally-admitted instances. 
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one is the retardation of comets by the ethereal medium, and 
the inferred retardation of planets— a process which must in time, 
as Lord Kelvin argues, bring comets, and eventually planets, into 
the Sun. The other is the Sun's still-continued loss of motion in 
the' shape of radiated heat; accompanying the still-continued 
integration of his mass. 

§ 109. To astronomic evolution we pass withofit break to the 
evolution which, for convenience, we separate as geologic The 
history of the Earth, as traced out from the structure dT its crust, 
carries us back to that molten state which the nebular hypothesis 
implies; and, as before pointed out (§ 69), the “changes called 
igneous are accompaniments of the advancing consolidation of the 
Earth's substance and loss of its contained motion.^ The general 
effects and the local effects must Ik? briefly exemplified. 

Leaving behind the time when the more volatile element* now 
existing as solids were kept by the high temperature in a gaseous 
form, we may begin with the fact that until the Earth's surface 
had cooled far below red heat, the mass of water at present cover¬ 
ing three-fifths of it must have existed as vapour. This enormous 
volume of unintegrated liquid became integrated as fad as dissipa¬ 
tion of the Earth's contained motion allowed; leaving, at length, 
a comparatively small portion uncondensed, which would condense 
but for the unceasing absorption of molecular motion from the 
Sun- In the formation of the Earth’s crust we have a 

similar, change similarly caused. The passage from a thin solid 
film, everywhere fissured and ifiovable on the subjacent mqjten 
matter, to a crust so thick and strong as to be but now and then 
very slightly dislocated 6y disturbing forces, illustrates the process. 
And while, it this superficial solidification, we see under* one form 
how concentration accompanies loss of contained motion, we sdfe it 
under another form in that diminution of the Earth's,bulk implied"? 
by superficial corrugation. 

Local or secondary integrations have advanced along with this 
general integration. A molten spheroid, merely shinned over with 
solid matter, could have presented nothing beyond small patchy 
of land and water. Differences of elevatioh, great enough to form 
islands of considerable size, imply a crust of som^ rigidity; and 
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only *» the *n**t grew thick could the land he united into conti¬ 
nent* divided bv ocean*. So, too, with the more striking elevations, 
The collapse of a thin layer round it*•cooling and contracting 
content* would throw it into low ridges. The crust must have 
acquired a relatively great*depth and strength before extensive 
tnountain systems of vast elevation became possible: continued 
integration of i^made possible great local integrations. In 

sedimentary changes a like progress is inferable. Denudation, 
octing*on # tbe small surfaces exposed during early stages, would 
product* but small local deposits. The collection of detritus into 
strata of great extent, and the union of such strata into extensive 
** systems,’’’ imply wide surfaces of land and water, as well as 
sulisidences ggstt in l>oth area and depth; so that integrations of 
this yrder nuffit have grown more pronounced as the Earth's crust 
thickened. 

§ 110. Already we have recognized the fact that the evolution of 
an organism is primarily the formation of an aggregate, by the 
continued incorporation of matter previously spread through a wider 
space. Every plant grows by taking into itself elements that were 
before diffused, and every animal grows by re-concentrating these 
elements previously dispersed in surrounding plants or other animals. 
Here it will be projier to complete the conception by pointing out 
that the early history of a plant or animal, still more clearly than 
its later history, shows us this fundamental process. For the micro¬ 
scopic germ of each organism undergoes, for a long time, nt» other 
chaSige than that implied by absorption of nutriment Cells 
embedded in the stroma of an ovarium become ova bv little else 

w 

than continued grdWth at the expense of adjacent materials. And 
whgn, after fertilization, a more active evolution commences, its 
most conspicuous trait is the drawing in, to a germinal centre, of 
the subs tan qp which the ovum contains. 

Now, However, our attention must be directed mainly to the 
secondary integrations which accompany the primary integration. 
We have to obsferve how, along with the formation of a larger mass 
df matter, there goes on a gathering^together and consolidation of 
this matter into parts, as well as a closer combination of the 
parts. * In the mammalian embryo the heart, at first & 
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long pulsating blood-vessel, by-and-by twists upon itself and 
Integrates. The bile-cells constituting the rudimentary liver, do 
not simply become different from the wall of the intestine in wbicl^ 
they at first lie, but, while accumulating, they diverge from it and 
consolidate into an organ. The antedor portion of the cerebro¬ 
spinal axis, at first continuous with the rest, and not markedly* 
distinguished from it, undergoes a union of its f&pidly-growing 
parts; and at the same time the resulting head folds into a mass 
marked off* from the spine. The like process, variously exhibited 
in other organs, is meanwhile exhibited by the body as a whole; 
which becomes integrated somewhat in the same wav that an out¬ 
spread handkerchief and its contents become integrated when its 
edges are drawn in and fastened to make a bundle, v Kindred 
changes go on after birth, and continue even up to "old age. In 
man, that solidification of the bony framework which, during child¬ 
hood, is seen in the coalescence of portions of the same bone ossified 
from different centres, is afterwards seen in the coalescence of bones 
that were originally distinct The appendages of the vertelme 
join with the vertebral centres to which they belong: a change not 
completed until towards thirty. At the same time the epiphyses, 
formed separately from the main bodies of their respective bones, 
have their cartilaginous connexions turned into osseous ones—are 
fused to the masses beneath them. The component vertebrae of 
the sacrum, which remain separate till about the sixteenth year, 
then begin to unite; and in ten or a dozen years more their union 
is complete. Still later occurs # the junction of the coccygeal 
vertebrae; and there are some other bony unions which remain 
unfinished unless advanced age is reached. To which add .that the 
increase of density, going on throughout the tiss&es at large during 
life, is the formation of a more fully integrated substance.* . 

The species of change thus illustrated, may be traced in all, 
animals. That mode of it which consists in the uniop of similar 
parts originally separate, has been described by Milne-j&l&ards and 
others, as exhibited in various Invertebraia; though it does not 
seem to have been included by them as an essential 4rait of oiganic 
development * We shall, howefer, see that Jocal integration is air 
all-important part of this process, when we find it not only in the, 
successive stages passed through by every embryd, but also in 
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ascending from the lower creatures to the higher. As manifested 
in either way, it goes on both longitudinally and transversely; 
sunder which different forms we ma^ conveniently consider 
it. Of longitudinal integration^ the sub-kingdom Annul- 

osa • supplies abundant examples. Its lower members, such as 
worm!* and next to them myriapods, are mostly characterized by 
the great numbers of their segments; reaching in some cases to 
several hundreds. But in the higher divisions—crustaceans insects, 
and arachnids—this number is reduced to twenty-two, thirteen, 
or even fewer; while, accompanying the reduction, there is a 
shortening or integration of the whole body, reaching its extreme 
in the crab and tfye spider. The significance of these contrasts, as 
bearing on fctfc doctrine of Evolution, will be clear when it is 
observed that they are parallel to those which arise during the 
development of individual annulo.se animals. The head and 
thorax of a lobster form one compact box, made bv the union of a 
number of segments which in the embryo were separable. Similarly, 
the butterfly shows us segments so much more closely united than 
they were in the caterpillar, as to be, some of them, no longer 
distinguishable from one another. The Vertebrata again, through¬ 
out their successively higher classes, furnish like instances of 
longitudinal union. In most fishes, and in limbless reptiles, none 
of the vertebras coalesce. In most mammals and in birds, a 
variable number of vertebras become fused to form the sacrum : 
and in the higher apes and in man, the caudal vertebrae also lose 
their separate individualities in aringle os cocct/gis. * That 

which we may distinguish as transx'erse integration , is well illus¬ 
trated among the Annulosa in the development of the nervous 
system. ^Leaving out those most degraded forms which do not 
present distinct ganglia, we find that the lower annulose animals, 
in common with the larva? of the higher, are severally characterized 
by a double •chain of ganglia running from end to end of the body; 
while jn tlie, more perfectly-formed annulose animals, the two 
chains unite into a single chain. Mr. Newport has described the 
s ^ > 

• * I adhere to this name though of late years the two divisions Annelida and 
Arihropoda have usurped its place. Their kinship as lower and higher is 
kdmitted, and thf name is descriptive of both ; tor the being formed of rings is 
their most conspicuous structural trait. 



THE KNOWABLE 


*52 

coarse of this concentration in insects ; and by Rathke it has been 
traced in crustaceans. During the early stages of the common 
cray-fish, there is a pair bf ganglia to each ring. Of the fourteen 
pairs belonging to the head and thorax, the three pairs in advance 
of the mouth consolidate to form the cephalic ganglion or fyrain. 
Meanwhile, of the remainder, the first six pairs severally unite in 
the median line, while the rest remain more or 1«» separate. Of* 
these six double ganglia thus formed, the anterior four coalesce 
into one mass; the remaining two coalesce into anothei mass, and 
then these two masses coalesce. Here longitudinal and transverse 
integration go on simultaneously, and in the highest crustaceans 
they are both carried still further. The Vertcbrpta exhibit trans¬ 
verse integration in the development of the generative system. 
The lowest mammals—the Mcmatremata —in common with hirtls, 
to which they are in many respects allied, have oviducts which 
towards their lower extremities are dilated into cavities, each 
imperfectly performing The function of a uterus. “ In the Mar - 
tupiaiia there is a closer approximation of the two lateral sets of 
organs on the median line; for the oviducts converge towards one 
another and meet (without coalescing) on the median line; so that 
their uterine dilatations are in contact with each other, forming a 
true * double uterus." ... As we ascend the series of ‘ placental ’ 
mammals, we find the lateral coalescence becoming more and more 
complete. ... In many of the Rodentia the uterus still remains 
completely divided into two lateral halves; whilst in others these 
coalesce at their lower portions, forming a rudiment of the true 
* body ’ of the uterus in the human subject. This part increases at 
the expense of the lateral * cornua" in the higher herlmora and 
carnivora; but even in the lower quadrumana the uterus is some¬ 
what cleft at its summit*" * 

Under the heacl of organic integrations, there remain to be not«t 

another class of illustrations. Whether the Annulonk. referred to 

/ • 

above are or are not originally compound animals, it, is unquestion¬ 
able that there are compound animals among other classes of 
invertebrates: integration is displayed not within the .limits of on 
individual only but by the *union of ryany individuals. Thfe 
Salpula are composite creatures having the shape of chains joined 
* Carpenter’s Jfris. of Comp. Phyt., p. 017. 
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more or lew permanently; and Pyrmoma shows us a large number 
united into a cylinder. Moreover in the Botryll'uhz the merging 
of the individualities goes so far that instead of having separate 
skins they are enclosed within a common skin. Among the 
Calrnterala ‘integration produces half-fused colonies of types 
Trnlike - these. There are the branched Hydrozaa in which many 
individuals form an aggregate in such a way as to have a common 
system of nutrition, while some of them undertake special 
functions; .and much the same may be said of those compound 
Actinozoa which are imlieddcd in the calcareous frameworks we 
know as corals. And then in certain pelagic types, grouped as 
Siphonophora , thc^ united individuals, in some cases alike, are in 
other cases se/erally transformed in adaptation to various func¬ 
tions^ so thaf the component individuals, assuming the characters 
of different organs, liecome practically combined into a single 
organism. 

From this kind of integration we pass to a kind in which the 
individuals ore not physically united but simply associated—are 
integrated only by their mutual dependence. We may set down 
two kinds—those which occur within the same species, and those 
which occur Ijetween inemlrers of different species. More 

or less of the gregarious tendency is common among animals ; and 
when it is marked, there is, in addition to simple aggregation, some 
degree of combination. Creatures that hunt in packs, or that 
have sentinels, or that are governed by leaders, form bodies 
partially united by co-operation. Among polygamous mammals 
and*birds this mutual dependence is closer; and the social 
in.eets show us still more consolidated assemblages : some of them 
having their members so united that they cannot lige independ¬ 
ently. How organisms in their totality are mutually 

dependent, and in that sense integrated, we shall see on remember¬ 
ing—'first, tHat while all animals live directly or indirectly on 
plants, plants utilize the carbon dioxide excreted by animals; 
second, that aiming animals the flesh-eaters cannot exist without 
the plant-eaters; third, that a large proportion of plants can 
continue their respective races only by the help of insects. With¬ 
out detailing the more complex connexions, which Mr. Darwin has 
so beautifully illustrated, it will suffice to say that the Flora and 
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Bum In "mtk habitat, constitute la aggregiti so ffcr integrate^ 
Hint many of Its species die out if pieced amid«the plants and 
animals of another habitat. And this integration, too, increases as 
organic evolution advances. 

| 111. The phenomena set down in the foregoing paragraph 
introduce us to others of a higher order, with which they ought? 
in strictness, to be grouped—phenomena which we may term 
super-organic. Inorganic bodies present us with cqgtaifi facts. 
Additional facta, mostly of a more involved kind, are presented by 
organic bodies. There remain yet further facts, not presented by 
any organic body taken singly, but which result from the actions 
of aggregated organic bodies. Though phenomena of this order 
are, as we see, foreshadowed among inferior organisms* they 
become so conspicuous in mankind as socially united, that practi¬ 
cally we may consider them to commence here. 

In the social organism integrative changes are abundantly 
exemplified. Uncivilised societies display them when wandering 
families, such as those of Bushmen, join into tribe* of considerable 
size. A further progress in mass results from the subjugation of 
weak tribes by strong ones; and in the subordination of their 
respective chiefs to the conquering chief. Such combinations 
which, among aboriginal races, are continually being formed and 
continually broken up, become, among superior races, relatively 
permanent. If we trace the stages through which our own society, 
or an>' adjacent one, has passed, we see this unification from time 
to time repeated on a larger scale and gaining in stability. * The 
consequent establishment of groups of vassals bound to tlvir 
respective lqrds; the subsequent subjection oY groups of inferior 
nobles to. dukes^or earls; and the still later growth of til.* kingly 
power over dukes and earls; Are so many instances of increasing 
consolidation. This process slowly completes itself destroying 
the original lines of demarcation. And of the European nations 
it may be further remarked, that in the tendency to form alliances, 
in the restraining influences exercised by govefhmgnts over one 
another, in the system of settling international arrangements by 
congresses, as well as in the weakening of commercial barriers and 
the increasing facilities of communication, we see the beginnings of 
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% European federation—a still larger integration than any now 
established. 

JBut it is not only in these external unions of groups with groups, 
and of the compound groups with one another, that the general 
law is exemplified. It is exemplified also in unions which take 
jftace internally, as the groups become better organized. There 
ire two orders o& these, broadly distinguishable as regulative and 
operative. A civilized society is made unlike a savage 

tribe bf* establishment of regulative classes—governmental, 
administrative, military, ecclesiastical, legal, &c., which, while 
they severally have their bond* of union, constituting them sub¬ 
classes, are also hejd together as a general class by a certain com¬ 
munity of privileges, of blood, of education, of intercourse. In 
some y»cieties,*fully developed after their particular types, this 
consolidation into castes, and this union among the upper castes 
by separation from the lower, eventually grow very decided : to be 
afterwards rendered less decided, only in cases of social meta¬ 
morphosis caused by the industrial regime. The integrations 

seen throughout the operative or industrial organization, later in 
origin, are not merely of this indirect kind, but they are also 
direct—they show us physical approach. We have integrations 
consequent on the growths of adjacent parts performing like 
functions; as, for instance, the junction of Manchester with its 
calico-weaving suburbs. We have other integrations which arise 
when, out of several places producing a particular commodity, out- 
gaining more and more of the business, draws to it masters and 
workPrs, and leaves the other places to dwindle; as witness the 
gTWMvth of «the Yorkshire cloth districts at the expense of those in 
the West of England; or the absoqition bv Staffordshire of the 
potUyy manufacture, and the consequent decay of establishment* 
at Derby and elsewhere. We have those more special integrations 
that arise within the same city ; whence result the concentration of 
corn-merchants ,alxmt Mark Lane, of civil engineers in Great 
George Street, of bonkers in the centre of the city. Industrial 
integrations w hi eft consist# not in the approximation or fusion of 
paHs, but in the establishment of centres of connexion, are shown 
in, the Bankers' clearing-house and the Railway clearing-house. 
While of yet another species are those unions which bring into 
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relation dispersed citizens who are occupied in like ways; qs 
traders are brought by the Exchange, and as are professional root 
by institutes like those Of Civil Engineers, Architects, Ac. 

These seem to be the last of our instances. Having followed up 
the general law to social aggregates, there apparently remain no 
other a gg regates to which it can apply. This, however, is not 
true. Among what were above distinguished *as super-organic 
phenomena, there are sundry further groups of remarkable illus¬ 
trations. Though evolutions of the various produces of social 
activities cannot be said directly to exemplify the integration of 
matter and dissipation of motion, yet they exemplify it indirectly. 
For the progress of Language, of Science, and of the Arts, industrial 
and aesthetic, is an objective register of subjective changes. Altera¬ 
tions of structure in human beings, and concomitant alterations of 
structure in aggregates of human beings, jointly produce corre¬ 
sponding alterations of structure in all those things which humanity 
creates. As in the changed impress on the wax, we read a change 
in the seal; so in the integrations of advancing Language, Science, 
and Art, we see reflected certain integrations of advancing human 
structure, individual and social. A section must be devoted to 
each group. 

| 112. Among uncivilized races, the many-syllabled names of 
not uncommon objects, as well as the descriptive character of 
proper names, show that the words used for the less-familiar 
things are formed by uniting the words used for the more-familiar 
things. This process of composition is sometimes found ih its 
incipient stage—a stage in which the component words are t*.vj-~ 
porarily joiped to signify some unnamed object, and, from lack of 
frequent use, do not permanently cohere. But in tnosl inferior 
languages, the process of “ agglutination ” has gone far enough to 
produce some stability in the compound words: there is a manifest 
integration. How small is this integration, however, m comparison 
with that reached in well-developed languages, is shown both by 
the great length of the compound words used for common things 
and acts, and by the separableness of. their elements. Certain 
North-American tongues illustrate this very welL In a Ricaree 
vocabulary extending to fifty names of common objects, which in 
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English are nearly all expreaae d by single syllables, there is not 
one monosyllabic word. Things so familiar to these hunting tribes 
a K&og and bow, are, in the Pawnee language^ aehakish and teeragiah; 
the hand and the eye* are respectively ikeheeree and keertekoo; far 
day the term.is ahakoorooeeahairet , and for devil it is Uaheekahka- 
kboratwah; while the numerals are composed at from two syllables 
dp to five, and in Bicaree up to seven. That the great 

length of these familiar words implies low development, and that 
in the fdhnftion of higher languages out of lower there is a gradual 
integration, which reduces the polysyllables to dissyllables and 
monosyllables, is an inference confirmed by the history of our own 
language. Anglo-Saxon steorra has been in course of time con¬ 
solidated into Shglish star, mono into moon , and nama into name. 
The transition* through semi-Saxon is clearly traceable. Sunu 
became in semi-Saxon rune, and in English aon: the final e of 
aunt being an evanescent form of the original u. The change 
from the Anglo-Saxon plural, formed by the distinct syllable or, 
to our plural formed by the appended consonant a , shows the 
same thing: smiifuu in becoming amitha, and endas in becoming 
mils, illustrate progressive coalescence. So, too, does the dis¬ 
appearance of the terminal an in the infinitive mood of verbs; 
as shown in the transition from the Anglo-Saxon cuman to the 
semi-Saxon cummr, and to the English come. Moreover the process 
has been slowly going on, even since what we distinguish as 
English was formed. In Elizabeth's time, verbs were still fre¬ 
quently pluralized by the addition* of cn—we tell was we iellen; 
and iti some places this form of speech may even now be heard, 
dihdike manner the terminal ed of the past* tense, has united with 
the word it modifies. Bum-ed has in pronunciation become 
burnt* and even in writing, the terminal t has # in some cases 
taken the place of the ed. Only where antique forms in general 
are adhered ^ as in the church service, is the distinctness of 
this inflection gill maintained. Further, we see that the com¬ 
pound vowels have been in many cases fused into single vowels. 
That in bread tfite e and a were originally both sounded, is 
prefved by the fact that they are stilf so sounded in parts whore 
ol<l habits linger. We, however, have contracted the pronuncia¬ 
tion into bred; *and we have made like changes in many other 
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common words. Lastly, let it be noted that where the repetition 
is greatest, the process is carried furthest; as instance the con* 
traction of lord (originally hkiford) into fad in the mouths^of 
barristers; and, still better, the coalescence of God be with you into 

(root/ bye. 

Besides thus exhibiting the integrative process. Language 
equally exhibits it throughout all grammatical development. Thf 
lowest kinds of human speech, hating merely nouns and verbs 
without inflections, permit no such close union of th%ckfncnts of 
a proposition as results when their relations are marked either 
by inflections or by connective words. Such speech is what we 
significantly call “ incoherent.*' To a considerable extent, inco¬ 
herence is seen in the Chinese language. “ If, instdWl of say ing / go 
to London, Jigs come from Turkey , the sun shines through Qte air,' 
we said, I go end Ijondon,Jigs come origin Turkey, the sun shines 
passage air , we should discourse after the manner of the Chinese." 
From this “aptotic" form, there is a transition, by coalescence, to 
a form in which the connexions of words are expressed by joining 
with them certain inflectional words. “ In Language* like the 
Chinese," remarks Dr. Latham, “ the' separate words most in 
use to express relation may become adjuncts or annexes." To 
this he adds the fact that “the numerous inflexional languages 
fall into two classes. In one, the inflexions have no appearance of 
having been separate words. In the other, their origin as sejxirate 
words is demonstrable" From which the inference drawn is, that 
the *• aptotic" languages, by the more and more constant use of 
adjuncts, gave rise to the “agglutinate" languages, or thtfse in 
which the original separateness of the inflexional parts can «-1 k. 
traced; ant^ that out of these, by further uie, arose the “ amal¬ 
gamate" Languages, or those in which the original separateness of 
the inflexional parts can no* longer be traced. Strongly 

corroborative of this inference is the fact that, b\V,such a pro¬ 
cess, there have grown out of the amalgamate, languages, the 
“ anaptotic" languages, of which our own is the best example— 
languages in which, by further consolidation, inflexions have almost 
disappeared, while, to express the vetjml relations, new kiifds 
of words have been developed. When we see the Anglo-S&xpn 
inflexions gradually lost by contraction during (he development 
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«f English, and, though to a leas degree, the Latin inflexions dwind¬ 
ling away during the development of French, we cannot deny that 
gummatical structure is modified fay integration; and seeing how 
clerfrly the earlier stages of grammatical structure are explained 
fav >t, # wc must conclude that it has been going on from the first. 

In proportion to the degree of this integration is the extent to 
which integrations of another order is carried. Aptotic languages 
are, as already pointed out, necessarily incoherent—the elements 
of a proposition cannot be completely tied into a whole. But as 
fast an coalescence produces inflected words, it becomes possible to 
unite them into # sentences of which the parts are so mutually 
dejKTident that ny considerable change can be made without 
destroying the sftcaning. Yet a further stage in this process may 
i>e noU'd- After the development of those grammatical forms 
which mftke definite statements possible, we do not at first find 
them used to express anything beyond statements of a simple kind. 
A single subject with a single predicate, accompanied by but few 
qualifying terms, are usually all. If we compare, for instance, the 
Hebrew scriptures with writings of modem times, a marked 
difference of aggregation among the groups of words is visible. 
In the number of subordinate propositions which accompany the 
principal one; in the various complements to subjects and predi¬ 
cates; and in the numerous qualifying clauses—all of them united 
into one complex whole—many sentences in modem compositions 
exhibit a degree of integration not to be found in ancient ones. 

§ fl 8. The history of Science presents facts of the same meaning 
••"every sk*p. Indeed the integration of ’groups of like entities 
and like relations, constitutes the most conspicuous pgrt of scien¬ 
tific proj^'ess. A glance at the classificatory sciences, shows that 
the confused incoherent aggregations which the vulgar make of 
natural objects* are gradually rendered complete and compact, and 
bound up into groups within groups. While, instead of consider¬ 
ing all marine creatures as fish, shell-fish, and jelly-fish, Zoology 
establishes among them salxlivisions under the heads Vertebrafa^ 
Annu/tmi , .1 foliu tra, Cirlmterata , &c.; and while, in place of the 
wyle and vague assemblage popularly described as “ creeping 
things,” it makls the specific classes Annelida , Afyriapoda , Insecta, 
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Jraekmda; it simultaneously gives to these an increasing consoli¬ 
dation. The several species, genera, and orders* of which each 
consists, sne arranged according to their affinities and tied together 
under common definitions; at the *%me time that, by exterided 
observation and rigorous criticism, the previously unknotyi ami 
undetermined forms are integrated with their respective con¬ 
geners. Nor is the process less clearly displayed in those 

sciences which have for their subject-matter, not classified objects 
but classified relations. Under one of its chief aspects, scientific 
advance is the advance of generalization; and generalizing is uniting 
into groups all like co-existences and sequences among phenomena. 
The colligation of many concrete relations ink* a generalization of 
the lowest order, exemplifies this process in its simplest form; and 
it is again exemplified in a more complex form by the colligation of* 
these lowest generalizations into higher ones, and these "into still 
higher ones. Year by year connexions are established among orders 
of phenomena that appear unallied ; and these connexions, multi¬ 
plying and strengthening, gradually bring the seemingly unallied 
orders under a common bond. When, for example, 11 umboldt quotes 
the observation of the Swiss—“ it is going to rain because we hear 
the murmur of the torrents nearer, 1 '—when be recognizes the kinship 
between this and an observation of his own, that the cataracts of 
the Orinoco are heard at a greater distance bv night than by day 
—when he notes the analogj- between these facts and the fact that 
the unusual visibility of remote objects is also an indication of 
coming rain—and when he points out that the common cause of 
these variations is the smaller hindrance offered to the passage 
of both light and sound, by media which are comparatively honfO'- 
geneous, either in temperature or hvgrometric state; be helps in 
bringing under pne generalization certain traits of light an® certain 
traits of sound. Experiments having shown that light and sound 
conform to like laws of reffection and refraction,, , conclusion 
that they are both produced by undulations—though undulations 
of unlike kinds—gains probability; there is an incipient integration 
of two classes of facts betweeq which no connexion was suspected in 
times past. A still more decided integration has been of late 
hriting place between the once independent sub-sciences of Elec¬ 
tricity, Magnetism, and light. 
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£ The process will manifestly be carried much further. Such 
oppositions aa those set forth in preceding chapters, cm “ The 
Arsistence of Force," “The Transformation and Equivalence of 
Pw»i" “The Direction of Motion," and “The Rhythm of 
Motion," unite within single bonds phenomena belonging to all 
Orders of existences. And if there is such a thing as that which 
Ve here understand by Philosophy, there must eventually be 
reached a universal integration. 

§ 114. Nor do the industrial and aesthetic Arts fail to supply us 
with equally conclusive evidence. The progress from small and 
simple tools, to complex and large machines, is a progress in 
integration. Afoong what are classed as the mechanical powers, 
the advance from the lever to the wheel-and-axle is an advance 
from a simple agent to an agent made up of several simple ones. 
On comparing the wheel-and-axle, or any of the mechanical appli¬ 
ances used in early times with those used now, we see that in each 
of our machines several of the primitive machines are united. A 
modern apparatus for spinning or weaving, for making stockings or 
lace, contains not simply a lever, an inclined plane, a screw, a wheel- 
and-axle, joined together, but several of each—all made into a 
whole. Again, in early ages, when horse-power and man-power 
were alone employed, the motive agent was not bound up with the 
tool moved ; but the two have now become in many cases joined 
together. The fire-box and boiler of a locomotive are combined 
with the machinery which the steam works. A much more expensive 
integration is seen in every factory. Here numerous complicated 
(Machines are all connected by driving shafts with the same steam- 
engine—all united »fith it into one vast apparatus. 

Cpntrt.sC the mural decorations of the Egyptians and Assyrians 
with modern historical paintings, and there is manifest on advance 
in unity of composition—in the subordination of the parts to the 
whole. One'of,these ancient frescoes is made up of figures which 
vaiy hut little in conspicuousness: there are no gradations of 
light and shade. *The same trait ma^ be noted in the tapestries of 
medieval days. Representing perhaps a hunting scene, one of these 
contains men, horses, dogs, beasts, birds, trees, and flowers, miscel- 
■fcmeously dispensed: the living objects being variously occupied. 
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and mostly with no apparent oonadouanen of one anotbetV 
proximity. But in paintings since produced, faulty as many m 
them are in this respect, there is always some co-ordination 
arrangement of attitudes, expressions^ lights, and colours, sudr as 
to combine the parts into a single scene; and the success withjwhich 
unitv of effect is educed from variety of components is a chief tall 
of merit. 

In music, progressive integration is displayed in more numerous 
way's. The nimple cadence embracing but a few notq*, Which in 
the chants of savages is monotonously repeated, becomes, among 
civilized races, a long series of different musical phrase* combined 
into one whole; and so complete is the integration that the melody 
cannot be broken off in the middle, nor shorn du its final note, 
without giving us a painful sense of incompleteness. Wfcen to‘ 
the air, a bass, a tenor, and an alto'are added ; and when to the 
different voice-parts there is joined an accompaniment; we see 
integrations of another order which grow gradually more elabo¬ 
rate. And the process is carried a stage higher when these complex 
solos, concerted pieces, choruses, and orchestral effects, are combined 
into the vast ensemble of an oratorio or a musical drama. 

Once more the Arts of literary delineation, narrative and dramatic, 
furnish us with illustrations. The tales of primitive times, like 
those with which the story-tellers of the East still amuse their 
listeners, are made up of successive occurrences, mostly unnatural, 
that have no natural connexions: they are but so many separate 
adventures put together without necessary sequence. But in a good 
modern work of imagination, the events are the proper products of 
the characters living under given conditions, and cannot at will A** 
changed in $eir order or kind, without injurihg or destroying the 
general effect Further, the characters themselves, which*in parly 
fictions play their respective parts without showing how their minds 
are modified by one another or by the events, are 'bow presented 
to us as held together by complex moral relation^ and as acting 
and reacting on one another's natures. 

| 115. Evolution, then, under its primary aspect, is a change 
from a less coherent form to a more coherent form, consequent qn 
the dissipation of motion and integration of matter. This is thfc 
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ini venal pro ces s through which sensible existence*, individually 
ndut whole; piu* during the ascending halves of their histories, 
kit proves to be a character displayed in those earliest change* 
*mch the visible Universal* supposed to have undergone, and in 
thosg latest changes which we trace in societies and the product* of 
social life. And, throughout, the unification proceed* in several 

wav* simu!tan««i*lv. 

* m 

Alike during the evolution of the Solar System, of a planet, of 
w onjhtisrn, of a nation, then* is progressive aggregation. This 
may lie shown by the increasing density of the matter already 
contained in it ; or by the drawing into it of matter that was before 
separate; or by Ijpth. But in any case it implies a loss of relative 
motion. • At the same time, the parts into which the mass 
has divided severally consolidate in like manner. We see this in 
that foAnation of planets and satellites which has gone on along 
with the progressive concentration of the nebula that originated 
the Solar System; we see it in that growth of separate organs 
which advances, pari /mm, with the growth of each organism; 
we see it in that rise of special industrial centres and special 
masse* of (xipulation, which is associated with the development 
of B each society. Always more or less of local integration 
accoutfMtuics the general integration. And then, beyond 

the increased closeness of juxtaposition among the components of 
the whole, ami among the comjwments of each part, there is 
increase of combination, producing mutual dependence of them. 
l>imtv foreshadows! as this mutual dependence is among inorganic 
existences, both celestial and terrestrial, it becomes distinct among 
Organic and super-organic existences. Frcfm the lowest living forms 
upwards the degree of development is market! by ^he degree in 
which the several part* constitute a co-operative # assemblage—are 
integrated into a group of organs tshat live for and by one another. 
The like jo^rast between undeveloped and developed societies is 
conspicuous: there is an ever-increasing co-ortlination of pjirts. 
Ami the same thing holds true of social products, as, for instance, of 
Science; which Ras become highly integrated not only in the sense 
that each division is made up of dependent propositions, but in the 
fense that the several divisions cannot carry on their respective 
'investigations without aid from one another. 
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THE LAW OF EVOLUTION CONTINUED 

§ 116. Changes great in their amounts and, various in their 
kinds, which accompany those dealt with in the laifc chapter, have 
thus far been ignored; or, if tacitly recognized, hhve not,been 
avowedly recognized. Integration of each whole has been 
described as taking place simultaneously with integration of 
each of the parts into which it divides itself. But how comes 
the whole to divide itself into parts? This is a transformation 
more remarkable than the passage of the whole from an incoherent 
to a coherent state; and a formula which says nothing about it 
omits more than half the phenomena to be formulated. 

This larger half of the phenomena we have now to treat Here 
we are concerned with those secondary re-distributions of matter and 
motion which go on along with the primary re-distribution. We 
saw that while in very incoherent aggregates, secondary re-distribu¬ 
tions pfroduce but evanescent results, in aggregates that read) and 
maintain a certain medium state, neither very incoherent nor tcry 
coherent, results of a relatively persistent kind are produced-*** 
structural modifications. And our next inquiVy must be—What 
is the universal expression for these structural modification^? 

Already an implied answer has been given by the title—Com¬ 
pound Evolution. Already in distinguishing as sim^cJEvolution 
that integration of matter and dissipation of motion which is 
unaccompanied by secondary re-distributions, it has been tacitly 
asserted that where secondary re-distributions (fccur complexity 
arises: the mass, instead of remaining uniform, must have become 
multiform. The proposition is an identical one. To say tha| 
along with the primary re-distribution there go* secondary re- 
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brtiibuUoo*, » to my that along with the change from a diffused 
jR a concentrated state, there goes a change from a homogeneous 
m»te to a heterogeneous state. The components of the 
wBle becoming integrated have also become differentiated.* 

T^is, then, is the second aspect under which we have to study 
^Evolution. In the last chapter we contemplated existences of all 
orders as displacing progressive integration. In this chapter we 
have to contemplate them as displaying progressive differentiation. 

§ 117. A growing variety of structure throughout our Sidereal 
System is implied by the contrasts which indicate aggregation 
throughout it We have nebula: that are diffused and irregular, 
and others thrft are spiral, annular, spherical. We have groups of 
stars/he menfbers of which are scattered, and groups concentrated 
in all degrees down to closely-packed globular clusters. We have 
these groups differing in the numbers of their members, from those 
containing several thousand stars to those containing but two. 
Among individual stars there are great contrasts, real as well as 
apparent, of size; and from their unlike colours, as well as from 
their unlike spectra, many contrasts among their physical states 
are inferable. Bevond which heterogeneities in detail there are 
general heterogeneities. Nebulae are numerous in some regions 
of the heavens, while in others there are only stars. Here the 
celestial spaces are almost void of objects, and there we see dense 
aggregations, nebular and stellar together. 

The matter of our Solar System during its integrati&n has 
became more multiform. The concentrating gaseous spheroid, 
*dissipating its contained molecular motion; acquiring more marked 
unlikenesses of dehsity and temperature between m interior and 
extgrio^ and leaving behind from time to time annular portions 

* The terms, here used must be understood in relative senses. Since we 
know of ng e/ch thing as absolute diffusion or absolute concentration, the 
change can neve* be anything but a change from a more diffused to a leas 
diffused state—from smaller coherence to greater coherence ; and, similarly, 
as no concrete exigences present us with absolute simplicity—as nothing is 
perfectly uniform—as we nowhere find complete homogeneity, the trans¬ 
formation is literally alwayf towards greater complexity, or increased multi¬ 
formity, or further heterogeneity. This qualification the reader must bear in 
mind. 
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of its mass, underwent differentiations which increased in numbel 
and degree, until there was evolved the existing organised grou| : 
of Sun, planets, and satellites. The heterogeneity of thisJ m 
variously displayed. There are the immense contrasts bet wren 
the Sun and the planets, in bulk and in weight; as well aj the 
subordinate contrasts of like kind between one planet and another, 
and between the planets and their satellites. There is the further 
contrast between the Sun and the planets in respect of temperature; 
and there are indications that the planets differ from our Another 
in their proper heats, as well as in the heats which they receive 
from the sun. Bearing in mind that they also differ in the inclina¬ 
tions of their orbits, the inclinations of their axes, in their specific 
gravities, and in their physical constitutions, we see'how decided is 
the complexity wrought in the Solar System bv those' secondary re¬ 
distributions which have accompanied the primary re-distribution. 

§ 118. Passing from illustrations, which, as assuming tlje nebular 
hypothesis, must tie classed as more or less hypothetical, let us 
descend to evidence less open to objection. 

It is now agreed among geologists that the Earth was once n 
molten mass. Originally, then, it was comparatively homogeneous 
in consistence; and, because of the circulation which takes place 
in heated liquids, must have been comparatively homogeneous in 
temperature. It must, too, have been surrounded by an atmos¬ 
phere consisting partly of the elements of air and water, and partly 
of those various other elements .which assume gaseous forms at 
high temperatures. Cooling by radiation must, after an immense 
time, have resulted in differentiating the portion most able to parfc 
with its heat^ namely, the surface. A furthfer cooling, leading 
to deposition of all solidifiable elements contained in the •atmos¬ 
phere, and then Co precipitation of the water, leasing behind the 
air, must thus have caused a second marked differentiation; and 
as the condensation commenced on the coolest part^o^ tfie surface 
—namely, about the poles—there must so have resulted the first 
geographical distinctions. 

To these illustrations of gibwing heterogeneity, inferred from 
known laws. Geology adds an extensive series that have beei\ 
inductively established. The Earth’s structure has*been age after 
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fee further complicated by additions to the strata which form its 
&ust; and it has been age after age made more various by the 
wreasing composition of these strata; the more recent of which, 
fomned from the detritus of the more ancient, are many of them 
rendered highly complex by the mixtures of materials they con¬ 
tain. • This heterogeneity has been vastly augmented by 

‘the actions of the Earth’s nucleus on its envelope; whence have 
resulted not only many kinds of igneous rocks, but the tilting up 
of seditangtnry strata at all angles, the formation of faults and 
metallic veins, the production of endless dislocations and ir¬ 
regularities. Again, geologists teach us that the Earth's 

surface has been gjrowing more varied in elevation—that the most 
ancient mouni&in-systems are the smallest, and the Andes and 
Himalayas tht: most modern ; while, in all probability, there have 
been corresponding changes Tn the bed of the ocean. As a conse¬ 
quence of this ceaseless multiplication of differences, we now find 
that no considerable portion of the Earth's exposed surface, is like 
anv other portion, either in contour, in geologic structure, or in 
chemical composition. 

There has been simultaneously going on a gradual differentiation 
of climates. As fast as the Earth cooled and its crust solidified, 
inequalities of temperature arose between those parts of its surface 
most exposed to the Sun and those less exposed; and thus in time 
there came to be the marked contrasts between regions of perpetual 
ice and snow, regions where winter and summer alternately 
reign for periods varying according to the latitude, and regions 
whAe "summer follows summer with scarcely an appreciable varia¬ 
tion. • Meanwhile, elevations and subsidences, recurring here 
and there over the Earth's crust, and producing irregplar distribu¬ 
tions oFland and sea, have entailed various modifications of climate 
beyond those dependent on latitude; while a yet further series of 
such modifications has been caused by increased differences of height 
in the surface, which in sundry places have brought arctic, 
temperate, and tropical climates to within a few miles of one 
another. The general results are, that every extensive region has 
its own meteorologic conditions, and that every locality in each 
region differs more or less from others in those conditions: as also 
in its structured its contour, its soil. 



THE KNOWABLE 


Thus between our existing Earth, the phenomena of whoA 
rmtied crust neither geographers, geologists, mineralogists, nc 
meteorologists have yet enumerated, and the molten globe out#! 
which it was evolved, the contrast in heterogeneity is striking 

§ 119. Hie dearest, most numerous, and most varied illustra¬ 
tions of the advance in multiformity that accompanies the advance 
in integration, are furnished by living bodies. Distinguished as 
these are by the great quantity of their contained^€)lecular 
motion, they exhibit in an extreme degree the secondary re¬ 
distributions which contained motion facilitates. The history 
of every plant and every animal, while it is a history of increasing 
bulk, is also & history of simultaneously-increasing differences 
among the parts. This transformation has several*aspects.. 

The chemical composition which is almost uniform throughout 
the substance of a germ, vegetal or animal, gradually ceases to be 
uniform. The several compounds, nitrogenous and non-nitro- 
genous, which were homogeneously mixed, segregate by degrees, 
become diversely proportioned in diverse places, and produce new 
compounds by transformation or modification. In plants 

the albuminous and amylaceous matters, which form the substance 
of the embryo, give origin here to a preponderance of chlorophyll 
and there to a preponderance of cellulose. Over the parts that 
are becoming leaf-surfaces, certain of the materials arc meta¬ 
morphosed into wax. In this place starch passes into one of its 
isomeric equivalents, sugar; and ,’n that place into another of its 
isomeric equivalents, gum. By secondary change some of*the 
cellulose is modified into*wood; while some of it is modified into 
the allied substance which, in large masses, w'e All cork. # And the 
more numerous compounds thus arising initiate further•unlike¬ 
nesses by mingling in unlike ratios. The yelk, or essential 

part of an animal-ovum, having components whic&^are at first 
evenly diffused among one another, chemically transforms itself 
in like manner. Its protein, its fats, its salts, become dissimilarly 
proportioned in different localities; and multiplication of isomeric 
forms leads to further mixtures and combinations that constitute 
minor distinctions of parts. Here a mass, darkening by accumula^ 
tion of hematine, presently dissolves into blood.* There fatty 
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$nd albuminous matters uniting compose nerve-tissue At this 
mot the nitrogenous substance takes on the character of cartilage; 
wi at that, calcareous salts, gathering together in the cartilage, 
laj| the foundation of bone. All these chemical differentiations 
slowly become more market! and more numerous. 

Simultaneously arise contrasts of minute structure. Distinct 
tissues take the place of matter that had previously no recog¬ 
nizable unlikenesses of parts; and each of the tissues first 
produced ^undergoes secondary modifications, causing sub-species 
of tissues. The granular protoplasm of the vegetal germ, 

equally with that which forms the unfolding point of every shoot, 
gives origin td cells that are at first alike. Some of these, as 
they grow, fl»iteh and unite by their edges to form the outer 
layer. Others lengthen, and at the same time join together in 
bundfcs, to lay the foundation of woody fibre. Before much 
elongating, certain of these cells show a breaking-up of the 
lining deposit, which, during elongation, becomes a spiral thread, 
or a reticulated framework, or a series of rings ; and by the longi¬ 
tudinal union of cells so lined, vessels are formed. Meanwhile 
each of these differentiated tissues is re-different rated : instance 
that constituting the essential part of a leaf, the upper stratum 
of which is composed of chlorophyll cells remaining closely 
parked, while the lower stratum becomes spongy. Of 

the same general character are the transformations undergone by 
the fertilizes! ovum, which, at first a cluster of similar cells, 
quickly reaches a stage marked. by dissimilarity of the cells. 
Mote frequently recurring fission of the superficial cells, a result¬ 
ing smaller size of them, and subsequent union of them into an 
outer layer, constitute the first differentiation ; an4 the middle 
area of ■ his layer is rendered unlike the rest bv still more active 
processes of like kind. By such modifications upon modifications, 
many and va> ions, arise the classes and sub-classes of tissues which, 
intricately combined one with another, compose organs. 

Equally conforming to the law are the changes in general shape 
and in the shape., of organs. All germs are at first spheres and 
all limbs are at first buds or mere rounded lumps. From this 
primordial uniformity and simplicity, there take place divergences, 
4»oth of the wholes and of the leading parts, towards multiformity 
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of contour and towards complexity of contour. Remove 

tile compactly-folded young leaves that terminate eyery shoot, and 
the nucleus is found to be a central knob bearing lateral kno& 
one of which may grow into either a leaf, a sepal, a pcta|T a 
stamen, or a carpel: all these eventually-uni ike parts being at 
first alike. The shoots themselves also depart from their primitive 
unity of form ; and while each branch become* more or less 
different from the rest, the whole exposed part of the plant 
becomes different from the imbedded part. So^t^so, is it 

with the organs of animals. One of the Arthropod la, for instance, 
has limbs that were originally indistinguishable from one another 
—composed a homogeneous series ; but by continuous divergences 
there have arisen among them unlikenesses of size vyid form, such 
as we see in the crab and the lobster. Vertebrate creatures equally 
exemplify this truth. The wings and legs of a bin! arc of similar 
shapes when they bud-out from the sides of the embryo. 

Thus in every plant and animal, conspicuous secondary re¬ 
distributions accompany the primary re-distribution. A first 
difference between two parts; in each of these parts other differ¬ 
ences which presently become as marked as the first; and a like 
multiplication of differences in geometrical progression, until there 
is reached that complex combination constituting the adult. This 
is the history of all living things whatsoever. Pursuing an idea 
which Harvey set afloat, it has been shown by Wolff and Von 
Baer, that during its development each organism passes from a 
state df homogeneity to a state,of heterogeneity. For a genera¬ 
tion this truth has been accepted by biologists.* 

• 

* It wm in 1862 that I became acquainted with Yen Baer’s expression of 
this general principle. The universality of law had ever been* vgjkh me a 
postulate, carrying ,with it a correlative belief, tacit if not avowed, in tfnity 
of method throughout Nature. Thft statement that every plant and animal, 
originally homogeneous, becomes gradually heterogeneous, set Vy> a co-ordina¬ 
tion among thoughts which were previously unorganized^ or blit partially 
organized. It is true that in Social Static* (Part IV., §§ 12-16), published 
before meeting with Von Baer’s formula, the development of an individual 
organism and the development of«a social organism, are described m alike 
consisting in advance from simplicity to complexity, and from independent 
like parts to mutually-dependent unlike parts. But though admitting qf 
extension to other super-organic phenomena, this statement Vas too special tip 



THE LAW OP EVOLUTION CONTINUED *71 

| 1*0. When we pan from individual forms of life to life at 
large, and ask whether the same law is seen in the mumble of its 
manifestations—whether modern plants and animals have more 
heUt'ogeneous structures thfiix ancient ones, and whether the 
Earth^ present Flora and Fauna are more heterogeneous than the 
I^lora and Fauna of the past,—we find the evidence so fragmentary 
that nearly every* conclusion is open to dispute. Three-fifths of 
the Earth's surface being covered by water; a great part of the 
exposed hand being inaccessible to, or tmtravelled by, the geologist; 
the most of the remainder having been scarcely more than glanced 
at; and even fatpiiiar portions, as England, having been so imper¬ 
fectly explored tha£ a new series of strata has been added within 
these few years w*t is clearly impossible to say with any certainty 
what (features lhave, and what # have not, existed at any particular 
period. Considering the perishable nature of many of the lower 
organic forms, the metamorphosis of many beds of sediment, and 
the gaps that occur among the rest, we shall see further reason 
for distrusting our deductions. On the one hand, the repeated 
discovery of vertebrate remains in strata previously supposed to 
contain none—of reptiles where only fish were thought to exist, 
md of mammals where it was believed there were no creatures 
higher than reptiles; renders it daily more manifest how small 
is the value of negative evidence. On the other hand, the worth¬ 
lessness of the assumption that we have found the earliest, or any¬ 
thing like the earliest, organic remains, is becoming equally dear. 

idmit pt extension to inorganic phenomena. The great aid rendered by Von 
Baer's formula arose from ita higher abstractness ; since, only when organic 
.ransformationa had been expressed in the most abstract terms, was the way 
jpened for seeing what fhey had in common with inorganic transformations. 
Ilte conviction that tins process of change gone through by each unfolding 
organism, is a process gone through by &]J things, found its first coherent 
statement in an qpsay on “ Progress: its Law and Cause ”; which I published 
n the W'Wngns&r Review for April, 1857—an essay with the first half of 
vhich this chaptas •coincides in substance, and partly in form. In that essay, 
itowever, as also in the first edition of this work, I fell into the error of 
mppoting that the transformation of the homogeneous into the heterogeneous 
^institutes Evolution. We have seen that tftis is not so. It constitutes the 
Bcondary re-distribution accompanying the primary re-distribution in that 
Evolution which we # distinguish as compound ; or rather, as we shall presently 
fee, it constitutes the most conspicuous trait of this secondary re-distribution. 

18 
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That -the oldest known aqueous formations have been greatly 
changed by igneous action, and that still older -ones have been 
totally transformed by it, is becoming undeniable. And the fact 
that sedimentary strata earlier thop any we know have fceen 
melted up, being admitted, it must also be admitted t^at we 
cannot say how far back in time this destruction of sedifoentarg 
strata has been going on. For aught we know to the contrary, 
only the last chapters of the Earth's biological history may have 
come down to us. 

Most inferences must thus be extremely questionable. If a 
progressionist argues that the earliest known vertebrate remains 
are those of Fishes, which are the most homogeneous of the 
Vertebrata; that Reptiles, which are more heterogeneous, are 
later; and that later still, and more heterogeneous still, are 
Mammals and Birds; it may be replied that the 'Paiieozoic 
deposits, not being estuary deposits, are not likely to contain 
the remains of terrestrial VertebratOy which may nevertheless have 
existed. A like answer may be made to the argument that the 
vertebrate fauna of the Palaeozoic period, consisting, so far as we 
know, entirely of Fishes, was less heterogeneous than the modern 
vertebrate fauna, which includes Reptiles, Birds and Mammals, of 
multitudinous genera; while a uniformitarian may contend with 
great show of truth, that this appearance of higher and more 
varied forms in later geologic eras, was due to progressive im¬ 
migration—that a continent slowly upheaved from the ocean 
at a point remote from pre-existing continents, would necessarily 
be peopled from them in a succession like that which our strata 
display. At the same time the counter-arguments may 

be proved equally inconclusive. When, to show that there cannot 
have been a continuous evolution of the more homogeneous organic 
forms into the more heterogeneous ones, the uniformitarian points 
to the breaks which occur in the succession of these •fcnjms, there is 
the sufficient answer that current geological chauges show us why 
such breaks must occur, and why, by subsidences,, and elevations of 
large areas, there must be produced breaks so immense as those 
which divide the great geologic epochs. * Or again, if the opponent 
of the development hypothesis cites the facts set forth by Professor 
Huxley in his lecture on “Persistent Types'*—if he points out 
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that “of some tiro hundred known orders of plants, not one is 
exclusively fossil,’* while “among animals, there is not a single 
totally extinct class; and of the orders, at the outside not mare 
ths# seven per cent are unrepresented in the existing creation ”— 
if he^ urges .that among these some have continued from the 
Silurian epoch to our own day with scarcely any change—and if 
Ibe infers that there is a much greater average resemblance between 
the living forms of the past and those of the present than consists 
with thsehvpothesis; there is still a satisfactory reply, on which 
in fact Prof. Huxley insists; namely, that we have evidence of 
a w pro-geologic # era ” of unknown duration. And, indeed, when 
we remember that the enormous subsidences of the Silurian period 
show the Earth's crust to have been approximately as thick then 
as it if now—&hcn we conclude that the time taken to form so 
thick a crust, must have been immense as compared with the time 
which has since elapsed—when we assume, as we must, that during 
this comparatively immense time the geologic and biologic changes 
went on at their usual rates; it becomes manifest, not only that 
tile palaeontological records which we find do not negative the 
theory of evolution, but that they are such as might rationally be 
looked for. 

Moreover, though the evidence suffices neither for proof nor 
disproof, yet some of its most conspicuous facts support the belief, 
that the more heterogeneous organisms and groups of organisms, 
have been evolved from the less heterogeneous ones. The average 
community of type between the •fossiis of adjacent strati and 
especially the community found lietween the latest tertiary fossils 
und creatures now existing, is one of thesfi facts. The discovery 
in some modem deposits of such forms as the Palnrngherium and 
Anaplotfiorium, which, according to Prof. Owen^ liad a type of 
structure intermediate between some of the types now existing, is 
another of tfynle facts. And the comparatively recent appearance 
of Man, is a third fact of this kind, which possesses still greater 
significance.* Hence we may say that though our knowledge of 

* I leave these sentences as they stood when written nearly forty yean ago, 
thinking it better to name iif a note the vast amount cl confirmatory evidence 
v^iich hat accumulated in the interval, and which renders unassailable the 
conclusion drawn. In 1862 no one thought it possible that there could be 
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put life upon the Earth is relatively small, yet what we have, and 
what we continually add to it, support the belief that there has 
been an evolution of the simple into the complex alike in 
individual forms and in the aggregate of forms. 

§ 121. Advance from the homogeneous to the heterogeneous u 
clearly displayed in the progress of the latest and most hetero¬ 
geneous creature—Man. While the peopling of the Earth has 
been going on, the hitman organism has grown more hekrttigenrous 
among the civilized divisions of the species; and the species, as a 
w hole, has been miule more heterogeneous by the .multiplication of 
races and the differentiation of them from on$ another. In 

proof of the first of these statements may be cittvl the fact that. 
In the relative development of the limbs, civilized men depart more * 
widely from the general type of the placental mammalia; than do 
the lowest men. Though often possessing well-developed body 
and arms, the Papuan has very small legs: thus reminding us of 
the man-like apes, in which there is no great contrast in size between 
the hiud and fore limbs. But in the European, the greater length 
and massiveness of the legs has become marked—the fore and hind 
limbs are relatively more heterogeneous. The greater ratio which 
the cranial bones bear to the facial bones, illustrates the same 
truth. Among the Vertebrata in general, evolution is marked by 
an increasing heterogeneity in the vertebral column, and especially 
in the components of the skull: the higher forms being distin¬ 
guished by the relatively larger size of the bones which cover the 

• 

proof of a transition between reptiles and birds ; and yet since that time forms 
unquestionably) transitional have been found. Thougtf the indications of many 
other such kinships, by the discoveries of intercalary forms, have < not jet is 
mast eases been followed by proofs qj continuous genealogy, yet it is otherwise 
in the esse of the horse, the ancestry of which lias been traqsd. Evidence of 
descent from a three-toed animal of the Miocene period is considered by Prof. 
Huxley as conclusive: sceptical and cautious though he ia* -1 n his Inaugural 
Address to the Geological Society in 1870, on M Paleontology and the Doctrine 
of Evolution,* many further illustrations are given of kinships between ancient 
and modem types. Nowadays, fhdeed, there is universal agreement among 
naturalists (a few surviving disciples of Cuvier in France being excepted) 
that all organic forms have arisen by the superposing of ^modifications uppn 
modifi c at i ons: increase in heterogeneity being an average implication. 
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brain, and the relatively smaller sue of thoee which form the jaws, &c. 
Now this trait, which is stronger In Mao than in any other 
creature, is stronger in the European than in the savage. More¬ 
over, from the greater extent and variety of faculty he exhibits, 
we may infer, that the civilised man has also a more complex or 
Heterogeneous nervous system than the uncivilized man; and, 
indeed, the fact is in part visible in the increased ratio which his 
cerebrum lasers to the subjacent ganglia. If further elucidation be 
needed, w#rv nursery furnishes it In the infant European we see 
sundry resemblances to the lower human races; as in the flatness 
of the ala* of tire nose, the depression of its bridge, the divergence 
and forward opening of the nostrils, the form of the lips the 
absence of a fr^htal sinus, the width between the eyes, the small¬ 
ness yf the l£gs. Now as the developmental process by which 
these traits are turned into tfiose of the adult European, is a con¬ 
tinuation of that change from the homogeneous to the hetero¬ 
geneous displayed during the previous evolution of the embryo; 
it follows that the parallel developmental process by which the 
like traits of the Iwliarous races have been turned into those of 
the civilized races, lias also been a continuation of the change from 
the homogeneous to the heterogeneous. The truth of the 

second statement is so obvious as scarcely to need illustration. 
Every work on Ethnology, by its divisions and subdivisions of 
races, bears testimony to it Even were we to admit that Man¬ 
kind originated from several separate stocks, it would still remain 
true that as, from each of these stocks, there have sprung "many 
now‘widely different tribes, which are proved by philological 
evidence to have had a common origin, the race as a whole is 
more heterogeneous* than it once was. Add to w^ich that we 
hav<^ iif Che Anglo-Americans, an example of a new variety 
arising within these few generations; and that, ff we may trust 
to the descriptions of observers, we axe likely soon to have another 
such in Ailstr^jja. 

§ 122. On pasHng front Humanity under its individual form to 
Humanity as socially embodied, we flhd the general law still more 
variously exemplified. The change from the homogeneous to the 
Heterogeneous if displayed equally in the progress of civilization as 
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a whole, and in the progress of every tribe or nation; and it is 
still going on with increasing rapidity. 

Society in its first sad lowest stage is a homogeneous assemblage 
of individuals having like powers and like functions: the qnly 
marked difference of function being that which. accompanies 
difference of sex. Every man is warrior, hunter, fisherman, tool*- 
maker, builder; every woman performs the same drudgeries; every* 
family is self-sufficing, and, save for purposes of companionship, 
aggression, and defence, might as well live apart from *he rest. 
Very early, however, in the course of social evolution, we find an 
incipient differentiation between the governing and the governed. 
Some kind of chieftainship soon arises after the advance from the 
state of separate wandering families to that ol^ rf .nomadic tribe. 
Hie authority of the strongest and cunningcst nfakcs itself felt 
among savages, as in a herd of animals or a posse of schoolboys: 
especially in war. At first, however, it is indefinite, uncertain; is 
shared by others of scarcely inferior power; and is unaccompanied 
by any difference in occupation or style of living: the first ruler 
kills his own game, makes his own weapons, builds his own hut, 
and, economically considered, does not differ from others of his 
tribe. Along with conquests and the massing of tribes, the con¬ 
trast between the governing and the governed grows more decided. 
Supreme power becomes hereditary in one family; the head, first 
military and then political, ceasing to provide for his own wants, 
is served by others; and he begins to assume the sole office of 
ruling. At the same time there has been arising a co¬ 

ordinate species of government — that of Religion. An'cient 
records and traditions show that the earliest conquerors and kings 
came to be, regarded as divine personages.' The maxims and 
commands they uttered during their lives were held sacted filter 
their deaths, and were enforced by their divinely-descended suc¬ 
cessors ; who in their turns were promoted to the pa'ntheon of the 
race, there to he worshipped and propitiated alpyg with their 
predecessors. For a long time these connate forms of government— 
civil and religious—remain closely associated, for many genera¬ 
tions the king continues to 1 be the chipf priest, and the priest¬ 
hood to be members of the royal race. For many ages religious 
law continues to contain more or less of civil regulation, and civil' 
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law to possess more or less of religious sanction; and even among 
the most advanced nations these two controlling agencies are by no 
means completely differentiated from each other. Having 

a common root with these, and gradually diverging from them* 
we find yet arjotber controlling agency—that of Manners or cere* 
ifioniaJ usages. Titles of honour were originally the names of 
the god-king; afterwards of God and the king; still later of 
persons of high rank ; and finally came, some of them, to be used 
betweenand man. Forms of complimentary address were at 
first expressions of propitiation from prisoners to their conqueror, 
or from subjects to their ruler, either human or divine—expres¬ 
sions that were afterwards used to propitiate subordinate authori¬ 
ties, and slowly* descended into ordinary intercourse. Modes of 
* salutation were once signs of subjection to a victor, afterwards 
obeisances made before the nufharch and used in worship of him 
when dead. Presently others of the god-descended race were 
similarly saluted; and by degrees some of the salutations have 
become the due of all.* Thus, no sooner does the originally 
homogeneous social mass differentiate into the governed and the 
governing parts, than this last exhibits an incipient differentiation 
into religious and secular—Church and State; while at the same 
time or still earlier there begins to take shape, that less definite 
species of government which rules our daily intercourse—a species 
of government which, as we may see in heralds’ colleges, in books 
of the peerage, in masters of ceremonies, is not without a certain 
embodiment of its own. ,Each of these kinds of govern¬ 

ment is itself subject to successive differentiations. In the course 
of ages, there arises, as among ourselves, a highly complex political 
organization of monarch, ministers, lords and commons, with their 
subprdifi&fe administrative departments courts of justice, revenue 
offices, Ac., supplemented in the provinces by municipal govern¬ 
ments, county governments, parish or union governments—all of 
them morfc orjffss elaborated. By its side there grows up a highly 
comple£ religious organization, with its various grades of officials 
from archbishop#down tq sextons, its colleges, convocations, ecclesi¬ 
astical courts, &c.; to all .which must*be added the ever-multiplying 

* For detailed proof see essay on 44 Manners and Fashion■ in E**ayt, Sea., 
ToL III. 
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independent sects, each with Its gmaad and load Authorities. And 
simultaneously there is developed a complicated system of custom*, 
manners, and temporary fashions, enforced by society at large, and 
serving to control those minor transactions between man and /nan 
which are not regulated fay civil add religious layr. Moreover, 
it is to fae observed that this increasing heterogeneity *in tSe 
governmental appliances of each nation, has faeen accompanied 
fay an increasing heterogeneity in the governmental appliances of 
different nations. All peoples are more or less in their 

political systems and legislation, in their creeds and religious 
institutions, in their customs and ceremonial usages. 

Meanwhile there has been going on a differentiation of a more 
familiar kind; that, namely, bv which the mass of # the community 
has been segregated into distinct classes and orders of workers.' 
While the governing part has undergone the complex development 
above indicated, the governed part has undergone a more complex 
development, which has resulted in that minute division of labour 
characterizing advanced nations. It is needless to trace 

out this progress from its first stages, up through the caste- 
divisions of the East and the incorporated guilds of Europe, to the 
elaborate producing and distributing organization existing among 
ourselves. Political economists have long since described the 
industrial progress which, through increasing division of labour, 
ends with a civilized community whose members severally perform 
different actions for one another; and they have further pointed 
out the changes through which the solitazy producer of any one 
commodity, is transformed into a combination of producers who, 
united under a master,, take separate parts in the manufacture of 
such commodity. But there are yet other and higher 

phases of this advance from the homogeneous to the* hetero¬ 
geneous in the 1 industrial organization of society. Long after 
considerable progress has been made in the division of labour 
among the different classes of workers, there is Relatively little 
division of labour among the widely separated parts * of the 
community: the nation continues comparatively*homogeneous in 
the respect that in each district the same occupations are pursued. 
But when roads and other means of transit become numerous and 
good, the different districts begin to assume different functional* 
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mod to bacon* mutually dependent. The calico-manufacture 
looatca ttaelf In. thfei county, the wooUen-raanufacture in that; silks 
are produced here, lace there; stockings in one place, shoes in 
another; pottery, hardware, cutlery, come to have their special 
towns; ami. ultimately every locality grows more or less dis- 
tingdUhcd from the rest by the leading occupation carried on in 
it Nav, more, Jhts subdivision of functions shows itself not only 
among the different parts of the same nation, but among different 
nations^That exchange of commodities which free-trade promises 
so greatly to increase will ultimately have the effect of specializing, 
in a greater or lew degree, the industry of each people. So 

that beginning with a primitive tribe, almost if not quite homo¬ 
geneous in thj* functions of its members, the progress has been, 
and still is, towards an economic aggregation of the whole human 
rare; growing ever more heterogeneous in respect of the separate 
functions assumed bv separate nations, the separate functions 
assumed by the local sections of each nation, the separate functions 
assumed by the many kinds of producers in each place, and the 
separate functions assumed by the workers united in growing or 
making each commodity. And then, lastly, has to be named the 
vast organization of distributers, wholesale and retail, forming so 
conspicuous an element in our town-populations, which is becoming 
ever more specialized in its structure. 

| 123. Not only is the law thus exemplified in the evolution of 
the* social organism, but it is exemplified in the evolutlbn of 
all products of human thought and action, whether concrete 
or abstract, real or ideal. Let us take ‘language as our first 
illustration. 

The Ibilest form of language is the exclamation, by which an 
entire idea is vaguely conveyed through a single sound; as among 
the lower anigials. That human language ever consisted solely of 
exclamations, pid so was strictly homogeneous in respect of its 
parts of* gpecck, we have no evidence. But that language can be 
traced down to'a form .in which nouns and verbs are its only- 
elements, is an established fact. In \he gradual multiplication of 
parts of speech out of these primary ones—in the differentiation of 
>%rbs into active and passive, of nouns into abstract and concrete— 
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in the rise of distinctions of mood, tense, person, of number and 
case—in the formation of auxiliary verbs, of adjectives, adverbs, 
pronouns, prepositions, articles—in the divergence of those orders, 
genera, species, and varieties of parts of speech by which civilijcd 
races express minute modifications of meaning; we see a change 
from the homogeneous to the heterogeneous. And it may bd 
remarked that it is more especially because it .has carried this 
subdivision of functions further than any other language, that the 
English language is structurally superior. AnothfM* process 

throughout which we may trace the development of language, is 
the differentiation of words of allied meanings. Philology early 
disclosed the truth that in all languages words may be grouped 
into families having each a common ancestry. * An aboriginal 
name, applied indiscriminately to each member of atf extensive and 
ill-defined class of things or actions' presently undergoes modifica¬ 
tions by which the chief divisions of the class are expressed. These 
several names, springing from the primitive root, themselves 
become the parents of other names still furthur modified. And by 
the aid of those systematic modes, which presently arise, of making 
derivatives and forming compounds expressing still smaller dis¬ 
tinctions, there is finally developed a tribe of words so hetero¬ 
geneous in sound and meaning, that to the uninitiated it seems in¬ 
credible they should have had a common origin. Meanwhile, from 
other roots there are being evolved other such tribes, until there 
results a language of a hundred thousand different words, signify¬ 
ing a i many different objects, qualities, acts. Yet another 

way in which language advances from the homogeneous Ut the 
heterogeneous, is by th«r multiplication of languages. Whether, as 
Max Muller f nd Bunsen think, all languages have grown from one 
stock, or whether, as some philologists say, they have groVn £rom 
two or more stocks, it is clear that since large families of languages, 
as the Indo-European, are of one parentage, thefe have arisen 
multiplied kinds through a process of continuous di^grgence. The 
diffusion over the Earth's surface which has led to differentiation 
of the race, has simultaneously led to difFerentiatfcn of its speech: 
a truth which we see further illustrated in each country by the 
dialects found in separate districts. Thus linguistic changes con¬ 
form to the general law, alike in the evolution of languages, in tl& 
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evolution of families of words, and in the evolution of parts of 
speech. • If in our conception of language we include not 

its component words only but those combinations of them by which 
distinct ideas arc conveyed—namely sentences—we have to recog¬ 
nize one more aspect of its progress from homogeneity to hetero¬ 
geneity which has accompanied the progress in integration. Rude 
speech consists of simple propositions having subjects and predicates 
indefinitely linked; and anything like a complex meaning is con¬ 
veyed by a succession of such propositions connected only by 
juxtaposition. Even in the speech of comparatively developed 
peoples, as the Hebrews, we find very little complexity. Compare 
a number of verstjs from the Bible with some paragraphs from a 
modern writer> * and the increase in heterogeneity of structure 
is vciy eonspi?-uou.s. And beyond the fact that many of our 
ordinary sentences are by the supplementary clauses, secondary 
propositions, and qualifying phrases they contain made relatively 
involved, there is the fact tliat there is great variety among the 
sentences in a page: now long, now short, now formed in one way, 
now in another, so that a double progress in heterogeneity in the 
style of composition is displayed. 

On passing from spoken to written language, we come upon 
sevemi classes of facts, having similar implications. Written 
language is connate with Painting and Sculpture; and at first all 
three are appendages of Architecture, and have a direct connexion 
with tile early form of settled government—the theocratic. Merely 
noting the fact that sundry wild races, as the Australians anti the 
tribes of South Africa, are given to depicting personages and events 
on the walls of caves, which are prohably regarded as sacred places, 
let us pass to the disc of the Egyptians. Among Ahem, as also 
among tiie Assyrians, we see mural paintings used,to decorate the 
temple of the god and the palace of*the king (which were, indeed, 
originally id<j«\ical); and as such they .were governmental appliances 
in the same % «jnse that state pageants and religious feasts were. 
Further, they were governmental appliances in virtue of representing 
the worship of th^god, the»triumphs of the god-king, the submission 
of his subjects, and the punishment of the rebellious. And yet 
&££&in they were governmental, as being the products of an art 
reverenced by fhe people as a sacred mystery. From the 
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constant use of this pictorial representation, there grew up the but 
slightly-modified practice of picture writing—a practice which was 
found still extant among the Mexicans at the time they were 
discovered. By abbreviations analogous to those still going 09 in 
our own language, the most familiar of these pictured figures were 
.successively simplified; and ultimately there grew up symbols" 
most of which had but distant resemblances to the things for which* 
they stood. The inference that the hieroglyphics of the Egyptians 
thus arose, is confirmed by the fact that the picture writing of the 
Mexicans was found to have given birth to a like family of ideo¬ 
graphic forms; and among them, as among the 'Egyptians, these 
had been partially differentiated into the kuriologkal or imitative, 
and the tropical or symbolic: which were, howev&t, used together 
in the same record. In Egypt, written language underwent a 
further differentiation, resulting in the hieratic and the epittolo- 
graphic or enchorial: both derived from the original hieroglyphic. 
At the same time for proper names, which could not be otherwise 
expressed, phonetic symbols were employed; and though the 
Egyptians never achieved complete alphabetic writing, yet it can 
scarcely be doubted that among other peoples phonetic symbols, 
occasionally used in aid of ideographic ones, were the germs out of 
which alphabetic writing arose. Once having become separate 
from hieroglyphics, alphabetic writing itself underwent numerous 
differentiations—multiplied alphabets were produced: between 
most of which, however, connexions can still be traced. And 
in eaA civilized nation there have now grown up, for the repre¬ 
sentation of one set of sounds, several sets of written signs,*used 
for distinct purposes. ’ Finally, through a yet more important 
differentiating, came printing; which, uniform* in kind as it was at 
first, has since become multiform. 

§ 124. While written language was passing throfig’h its earlier 
stages of development, the mural decoration which .formed its root 
was being differentiated into Painting and Sculpture, Tftie gods, 
kings, men, and animals represented, were originally marked by 
indented outlines and coloured. In most cases these outlines 
were of such depth, and the object they circumscribed so far 
rounded, os to form a species of work internSediate between 
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intaglio and bas-relief. In other cases we see an advance upon 
this: the spaces between the figures being chiselled out, and the 
figures themselves appropriately tinted, a painted bas-relief was 
prqfiuced. The restored % Assyrian architecture at Sydenham 
exhibits this style of art carried to greater perfection: the persons 
and things represented, though still barbarously coloured, are 
'carved with more truth and in greater detail; and in the winged 
lions and bulls used for the angles of gateways, we see advance 
towards <r completely sculptured figure ; which, nevertheless is still 
coloured and still forms part of the building. But though in 
Assyria the production of a statue proper seems to have been 
little, if at all, attempted, we may trace in Egyptian art the 
gradual separation of the sculptured figure from the wall. While 
a walfc through the collection in the British Museum will afford 
an opportunity of observing transitions, it will bring into view 
much evidence that the independent statues were derived from 
bas-reliefs: nearly oil of them not only display that lateral 
attachment of the arms with the body which is a characteristic 
of bas-relief, but have the back of the statue united from 
head to foot with a block which stands in place of the original 
wall. Greece repeated the leading stages of this progress. 

As in Egypt and Assyria, these twin arts were at first united with 
each other and with their parent. Architecture; and were aids 
of Religion and Government. On the friezes of Greek temples, 
we see coloured bas-reliefs representing sacrifices, battles, proces¬ 
sions, games—all in some sort religious. On the pediments we 
see fainted sculptures partially united with the tympanum, and 
having for subjects the triumphs of gods Tor heroes. Even when 
we come to statues that are definitely separated from {he buildings 
to whiclt they pertain, we still find them coloured; and only in 
the later periods of Greek civilization, does the differentiation of 
painting from’sculpture appear to have become complete. In 

Christian arj the re occurred a parallel re-genesis. All early 
painting^ and sculptures throughout Europe were religious in 
subject—represct&ed Christs, crucifixions virgins, holy families, 
apostles, saints. They formed integral parts of church architec¬ 
ture, and were among the means of exciting worship: as in Roman 
Catholic countries they still are. Moreover, the early sculptures 
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of Christ on the cross, of virgins, of mints, wore coloured; and it 
needs but to call to mind the painted madonnas and crucifixes 
still abundant in continental churches, to perceive the significant 
fact that painting and sculpture continue in closest connexion 
with each other, where they continue in closest connexion with 
their parent. Even when Christian sculpture became separatl 
from painting, it was still at first religious and governmental in* 
its subjects—was used for tombs in churches and statues of saints 
and kings; while, at the same time, painting, where oftt purely 
ecclesiastical, was applied to the decoration of palaces, and after 
representing royal personages, was almost wholly devoted to sacred 
legends. Only in modem times have painting and sculpture 
become entirely secular arts. Only within the&e few centuries 
has painting been divided into historical, lanc&capc, tyarine, 
architectural, animal, still-life, &c.* and sculpture grown hetero¬ 
geneous in respect of the variety of real and ideal subjects with 
which it occupies itself. 

Strange as it seems then, all forms of written language, of 
painting, of sculpture, have a common root in those rude drawings 
on skins and cavern-walls by which savages commemorated notable 
deeds of their chiefs, and which, during social progress, developed 
into the politico-religious decorations of ancient temples and 
palaces. Little resemblance as they now have, the bust that 
stands on the console, the landscape that bangs against the wall, 
and the copy of the Times lying upon the table, are remotely 
akin. • The brazen face of th^ knocker which the postman has 
just lifted, is related not only to the woodcuts of the Illustrated 
London News which he* is delivering, but to the characters of the 
billet-doux wjjich accompanies it. Between the painted window, 
the prayer-book on which its light falls, and the adjacent monu¬ 
ment, there is consanguinity. • The effigies on our coins, the signs 
over shops, the figures that fill every ledger, thd« coat-of-arms 
outside the carriage-panel, and the placards inside the omnibus, 
are, in common with dolls, blue-books and paper-hangings, 
lineally descended from the sculpture-paintii^s and picture- 
writings in which the Egyptians represented and recorded the 
triumphs and worship of their god-kings. Perhaps no example 
can be given which more vividly illustrates the ihultiplicity and 
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heterogeneity of the products that in course of time may arise by 
successive differentiations from a common stock. 

The transformation of the homogeneous into the heterogeneous 
thys displayed in the separation of Painting and Sculpture from 
Architecture, and from each other, and in the greater variety of 
%ubje?ts they embody, is further displayed in the structure of each 
•work. A modern picture or statue is of far more complex nature 
than an ancient one. An Egyptian sculpture-fresco represents 
all its figures as on one plane—that is, at the same distance from 
the eye; and so is less heterogeneous than a painting that re¬ 
presents them as at various distances. It exhibits all objects as 
similarly lighted; and so is less heterogeneous than a painting 
which exhibits different objects, and different parts of each object, 
as in different degrees of light It uses scarcely any but the 
primary colours, and these in their full intensities; and so is less 
heterogeneous than a painting which, introducing the primary 
colours hut sparingly, employs an endless variety of intermediate 
tints, each of heterogeneous compo>ition, and differing from the 
rest not only in quality hut in strength. Moreover, 

these earliest works manifest great uniformity of conception. In 
ancient societies the modes of representation were so fixed that it 
was sacrilege to introduce a novelty. In Egyptian and Assyrian 
bas-reliefs, deities, kings, priests, attendants, winged figures and 
animals, are in all cases depicted in like positions, special to each 
class, holding like implements, doing like things, and with like 
expression or non-expression of face. If a palm-grove is intro- 
ducted, all the trees are of the same height, have the same number 
of leaves, and are equidistant When Abater is imitated, each 
wave is a counterpart of the rest; and the fish, almost always of 
one k util, are evenly distributed. The beards of the Assyrian 
kings, gods, and winged figures, rre everywhere similar; as are 
the manes of" the lions, and equally so those of the horses. Hair 
is represented throughout by one form of curt The king’s beard 
is built 4 up of compound tiers of uniform curls, alternating with 
twisted tiers plaSed transversely, and arranged with perfect regu¬ 
larity ; and the terminal tufts of the bulls’ tails are represented 
in exactly the same manner. Without tracing out 

Analogous traits in early Christian art, in which, though leas 
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striking, they are still risible, the advance in heterogeneity will 
be sufficiently manifest on remembering that in the pictures of our 
own day the composition is endlessly varied; the attitudes, faces, 
expressions, unlike; the subordinate objects different in size, foj-m, 
position, texture. Or, if we compare an Egyptian statue, seated 
upright on a block, with hands on knees, fingers outspread and 
parallel, eyes looking straight forward, and the two sides perfectly 1 
symmetrical, with a statute of the advanced Greek or the modern 
school, which is asymmetrical in respect of the position of the head, 
the body, the limbs, the arrangement of the hair, dress, appendages, 
and in its relations to neighbouring objects, we see the change 
from the homogeneous to the heterogeneous clearly manifested. 

| 125. In the co-ordinate origin and gradual differentiation of 
Poetry, Music, and Dancing, we have another series of illustrations. 
Rhythm in speech, rhythm in sound, and rhythm in motion, were in 
the beginning, parts of the same thing. Among existing barbarous 
tribes we find them still united. The dances of savages are 
accompanied by some kind of monotonous chant, the clapping of 
hands, the striking of rude instruments: there are measured 
movements, measured words, and measured tones; and the whole 
ceremony, usually having reference to war or sacrifice, is of govern¬ 
mental character. The early records of the historic races similarly 
show these three forms of metrical action united in religious 
festivals. In the Hebrew writings we read that the triumphal ode 
composed by Moses on the defeat of the Egyptians, was sung to 
an accompaniment of dancing and timbrels. The Israelites 
danced and sung “ at the inauguration of the golden calf. And 
as it is generally agreed that this representation of the Deity was 
borrowed from the mysteries of Apis, it is probable* that .the 
dancing was copied from that of the Egyptians on those occasions." 
There was an annual dance in Shiloh on the sacred festival; and 
David danced before the ark. Again, in Greece liife relation 
existed: the original type being there, as probably in oth&r cases, 
a simultaneous chanting and mimetie representation of the 
achievements of the god. The Spartan donees were accompanied 
by hymns; and in general the Greeks had “ no festivals or religious 
assemblies but what were accompanied with songs hud dances"— 
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, both of them being form* of worship used before altars. Among 
the Homans, too, there were sacred dances: the Salian and 
Lupercalian being named as of that kind. Even in the early 
Christian church, dances in the choir at festivals, occasionally led 
by bishops, were among the ‘forms of worship, and in some places 
<&ntinfted down to the 18th century. The incipient separa¬ 

tion of these once united arts from each other and from religion 
was early visible in Greece. Probably diverging from dances 
partly religious, partly warlike, as the Corybantian, came the war 
dances proper, of which there were various kinds; and from these 
resulted secular dances. Meanwhile Music and Poetry, though 
still joined, cam! to have an existence separate from dancing. 
The primitive pre!k poems, religious in subject, were not recited 
but chanted; «nd though at first the chant of the poet was 
accompanied by the dance of the chorus, it ultimately grew into 
independence. I .ater still, when the jwcm had been differentiated 
into epic and lyric—when it became the custom to sing the lyric 
and recite the epic—poetry proper was bom. As, during the 
same period, musical instrument-, were being multiplied, we may 
presume that music came to have an existence apart from words. 
And both of them were beginning to assume other forms than the 
religious. Facts having like implications might be cited 

from the histories of later times and peoples; as the practices of 
our Anglo-Saxon “gleemen" and Celtic bards, who sang to the 
harp heroic narratives versified by themselves to music of their 
own composition: thus uniting thg now separate offices of poet, 
composer, vocalist, and instrumentalist. The common origin and 
gradual differentiation of Dancing, Poetry, and Music is thus 
sufficiently manifest. 

Beside# being displayed in the separation of these arts from one 
another and from religion, growing heterogeneity iS also displayed 
in the multiplied differentiations which each of them afterwards 
undergoes.* Tfust referring to the numberless kinds of dancing 
that have, in ^bourse of time, come into use, and to the progress 
of poetry, as aeeit in the, development of the various forms of 
metre, of rhyme, and of general organization, let us confine our 
attention to music as a type of the group. As argued 

by Dr. Burney, and as implied by the customs of extant savages. 
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tike first musical instruments were percusave—-sticks, cala b a she s, 
tom-toms—and woe used simply to mark the time of the dance. 
So, too, the vocal music of various semi-civilised races consists of 
simple phrases endlessly reiterated. In this constant repetition 
of the same sounds we 'see music in its most homogeneous form. 
The Egyptians had a lyre with three strings. The early lyre dt 
the Greeks had four, constituting their tetrachord. In course of 
some centimes lyres of seven and eight strings came to be employed. 
And, by the expiration of a thousand years, they had advanced 
to their “great system " of the double octave. Through all which 
changes of course arose a greater heterogeneity of melody or rather 
recitative. Simultaneously came into use the different modes— 
Dorian, Ionian, Phrygian, dSolian, and Lydian—answering to our 
keys; and of these there were ultimately fifteen. As yet, however, 
there was but little heterogeneity in the time of their music. 
Instruments being used merely to accompany the voice, and vocal 
music being completely subordinated to words,—the singer being 
also the poet, chanting his own compositions and making the 
lengths of bis notes agree with the feet of his verses—‘there 
unavoidably arose a tiresome uniformity of measure, which, as Dr. 
Burney says, “no resources of melody could disguise." Lacking 
the complex rhythm obtained by our equal bars and unequal 
notes, the only rhythm was that produced by the quantity of the 
syllables, and was of necessity monotonous. And further, the 
chant thus resulting being like recitative, was much less differ¬ 
entiated from ordinary speveh than is our modem song. 
Nevertheless, considering the extended range of notes in use, 
variety of modes, the occasional variations of time consequent on 
changes of pictre, and the multiplication of instruments, we see 
that music had, towards the close of Greek civilization, attained 
to considerable heterogeneity i not indeed as compared with our 
music, but as compared with that which preceded it.- As 

yet, however, there existed nothing but serial combinations of notes 
(for so we must call them since they were not melodics in our sense): 
harmony was unknown. It was not until Christian church-music 
had reached some development, that musk: in parts was evolved; and 
then it came into existence through an unobtrusive differentiation. 
The practice which led to it was the employment of two choin slug- 
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ing alternately the same air. Afterwards it became the habit 
(possibly first suggested by a mistake) for the second choir to com¬ 
mence before the first bad ceased: thus producing a fugue. With 
thejrimple airs then in use, a partially harmonious fugue might not 
improbably result; and a very partially harmonious fugue satisfied 
the rafts of that age, as we know from still preserved examples. 
Che idea having once been given, the composing of airs productive 
of fugal harmony would naturally grow up; as in some way it 
did grow up out of this alternate choir-singing. And from the 
fugue to concerted music of two, three, four, and more parts, 
the transition was easy. Without pointing out in detail 

the increasing complexity that resulted from introducing notes of 
various lengthy from the multiplication of keys, from the use 
• of accidentals, drom varieties of time, from modulations and so 
forth, it needs but to contrast idusic as it is with music as it was 
to see how immense is the increase of heterogeneity. We see this 
also if, looking at music in its ensemble , we enumerate its many 
different genera and species—if we consider the divisions into vocal, 
instrumental, and mixed; and their subdivisions into music for 
different voices mid different instruments—if we observe the many 
forms of sacred music, from the simple hymn, the chant, the canon, 
motet, anthem, Ac., up to the oratorio; and the still more numerous 
forms of secular music, from the ballad up to the serenata, from the 
instrumental solo up to the symphony. Again, the same truth 
Is seen on comparing any one sample of aboriginal music with a 
sample of modern music—even a>vordinary song for the piano; 
which we find to lie relatively very heterogeneous, not only in 
respect of varieties in the intervals and in the lengths of the notes, 
the number of different notes sounding at the sanje instant in 
comgonyVlth the voice, and the variations of strength with which 
they are sounded and sung, but in respect of the cnanges of key, 
the changes ol time, the changes of timbre of the voice, and the 
many othef modifications of expression. While between the old 
mouotonOus dance chant and a grand opera of our own day, the 
contrast in heterogeneity, is so extreme that it seems scarcely 
credible that the one is the ancestof of the other. 

§ 126. Many •further illustrations of the general law throughout 
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social product* might be detailed. Going bark to the time when 
the deeds of the god-king, chanted and mimetically rep res en ted 
in dances before his altar, were further narrated in picture writings 
on the walls of temples and palaces, and so constituted a rude 
history, we might trace the development of Literature through 
phases in which, as in the Hebrew Scriptures, it presents In odfc 
work, theology, cosmogony, history, biography, civil law, ethical 
poetry; through other phases in which, as in the Iliad, the 
religious, martial, historical, the epic, dramatic, and lyric elements 
are similarly commingled; down to its present heterogeneous 
development, in which its divisions and subdivisions are so 
numerous and varied as to defy complete classification. Or we 
might track the unfolding of Science; beginning t with the era in 
which it was not yet differentiated from Art, and was in union, 
with Art, the handmaid of Religion; passing through the era 
in which the sciences were so few and rudimentary, as to be 
simultaneously cultivated by the same philosophers; and ending 
with the eta in which the genera and species are so multitudinous 
that few can enumerate them, and no one can adequately grasp 
even one genus. Or we might do the like with Architecture, with 
the Drama, with Dress. But doubtless the reader is already weary 
of illustrations, and my promise has been amply fulfilled. The 
advance from the simple to the complex, through successive 
modifications upon modifications, is seen alike in the earliest , 
changes of the Heavens to which we can reason our way back, 
and<in the earliest changes w,e can inductively establish; it is 
seen in the geologic and climatic evolution of the Earth, of 
every individual organism on its surface and in the aggregate 
of organisnr^; it is seen in the evolution of Humanity, whether 
contemplated in the civilized man, or in the assemblage'of races; 
it is seen in the evolution «of Society, in respect alike of its 
political, its religious, and its economical organisation; and it 
is seen in the evolution of those countless concrete‘ahd abstract 
products of human activity, which constitute the environment 
of our daily life. From the remotest past Crhich Science can 
fathom, up to the novelties 1 of yesterday, an essential trait of 
Evolution has been the transformation of the homogeneous into 
the heterogeneous. 
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| 127. So that the general formula arrived at in the last chapter 
needs supplementing. It is true that Evolution, under its 
primary aspect, is a change from a less coherent state to a more 
coherent state, consequent on the dissipation of motion and 
integration of matter; but this is far from being the whole truth. 
%long with a passage from the incoherent to the coherent, there 
•goes on a passage from the uniform to the multiform. Such, at 
least, is the fact wherever Evolution is compound; which it is in 
the immense majority of cases. While there is a progressing 
concentration of the aggregate, caused either by the closer 
approach of the matter within its limits, or by the drawing in of 
further matter, or by both; and while the more or less distinct 
parts into wlych the aggregate divides and subdivides are also 
severally conertit.rating ; these parts are simultaneously becoming 
unlike—unlike in size, or in forin, or in texture, or in composition, 
or in several or all of these. The same process is exhibited by 
the whole and by its members. The entire mass is integrating 
and at the same time differentiating from other masses; while 
each member of it is also integrating and at the same time 
differentiating from other members. 

Our conception, then, must unite these characters. As we now 
understand it. Evolution is definable as a change from an in¬ 
coherent homogeneity to a coherent heterogeneity, accompanying 
the dissipation of motion and integration of matter. 
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THE LAW OF EVOLUTION CONTINUED 

§ 128. Bor does this generalization express,the whole truth? 
Does it include everything essentially characterizing Evolution 
and exclude everything else ? Does it comprehend all the pheno¬ 
mena of secondary re-distribution which Compound Evolution 
presents, without comprehending any other phenomena? A 
critical examination of the facts will show that it does neither. 

Changes from the less heterogeneous to the more heterogeneous, 
which are not included in what we here call Evolution, occur in 
every local disease. In a morbid growth we see a new differ¬ 
entiation. Whether this morbid growth be, or be not, more 
heterogeneous than the tissues in which it is seated, is not the 
question. The question is whether the organism as a whole 
is, or is not, rendered more heterogeneous by the addition of a 
part unlike every pre-existing part, in form, or composition, or 
both.** To this question there can be none but an affirmative 
answer. Again, the earlier stages of decomposition in 

a dead body involve ihcrease of heterogeneity. Supposing the 
chemical changes to commence in some pafts sooner ^han in 
others, as they commonly do, and to affect different tissues in 
different ways, as they must, it*seems clear that the entire body, 
made up of undecomposed parts and parts decompose^ ip various 
modes and degrees, has become more heterogeneous .than it was. 
Though greater homogeneity will be the eventual result, the 
immediate result is the opposite. And yet this immediate result 
is certainly not Evolution. * Other instances are furnished 
by social disorders and disasters. A rebellion which, while 
leaving some provinces undisturbed, develops itself' here in secret 
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societies, there in public demonstrations, and dsewhere In actual 
conflicts necessarily renders the society, as a whole, more hetero¬ 
geneous. Or when a dearth causes commercial derangement with 
its^ entailed bankruptcies, closed factories, discharged operatives, 
food-riots, incendiarisms; It is manifest that as a large part of 
Uie community retains its ordinary organization displaying the 
usual phenomena, these new phenomena must be regarded as 
adding to the complexity previously existing. But such changes, 
so far from constituting further Evolution, are steps towards 
Dissolution. 

So that the definition arrived at in the last chapter is an 
imperfect one. The changes above instanced as coming within 
the formula gs it now stands, are so obviously unlike the rest, 
that # the inclusion of them implies some distinction hitherto 
overlooked. Such further distinction we have now to supply. 

| 129. At the same time that Evolution is a change from the 
homogeneous to the heterogeneous it is a change from the 
indefinite to the definite. Along with an advance from simplicity 
to complexity, there is an advance from confusion to order—from 
undetermined arrangement to determined arrangement. Develop* 
ment, no matter of what kind, exhibits not only a multiplication 
of unlike parts, but an increase in the clearness with which these 
parts are marked oil* from one another. And this is the distinc¬ 
tion sought For proof, it needs only to reconsider the 

instances given above. The clyingcs constituting local disease, 
hatfe no such definiteness, either in place, extent or outline, as 
the changes constituting development •Though certain morbid 
growths are niore*common in some parts of the^body Ilian in 
others warts on the hands, cancer in the breasts, tubercle in 
the lungs), yet they are not confmed to these part*; nor, where 
found, arc tkfcy anything like so precise in their relative positions 
as are iRc Vioynal parts around. Thoir sizes are very variable: 
they Whr no such constant proportions to the body as organs do. 
Their forms, tob, are far less specific than organic forms. And 
they are extremely confused in tlftrir internal structures. That 
is, they ore in all respects comparatively indefinite. The 

like peculiarity may be traced in decomposition. That total 
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indefiniteneas to which a dead body it finally reduced, it a state 
towards which the putrefactive changes tend from their commence¬ 
ment. The advancing destruction of the organic compounds blurs 
the tissue structures—diminishes their distinctness. From the 
portions that have undergone most decay, there is a ^pdtal 
transition to the less decayed portions, not a sharp demarcation. 
And step by step the lines of organisation, mice so precise, dis¬ 
appear. Similarly with social changes of an abnormal 

kind. The disaffection initiating a political outbreak, implies a 
loosening of those ties by which citizens are bound up into distinct 
classes and sub-classes. Agitation, growing into revolutionary 
meetings, fuses ranks that are usually separated. Acts of insub¬ 
ordination break through the ordained limits «£o individual 
conduct, and tend to obliterate the lines betw\*n tho$e in 
authority and those beneath them.* At the same time arrest of 
trade causes artiz&ns and others to lose their occupations; and, 
ceasing to be functionally distinguished, they merge into an 
indefinite mass. When at last there comes positive insurrection, 
all magisterial and official powers, ail class distinctions, all in¬ 
dustrial differences, cease: organized society lapses into an 
unorganized aggregate of social units. Similarly, in so far as 
famines and pestilences cause changes from order towards disorder, 
they cause changes from definite arrangements to indefinite 
arrangements. 

Thus, then, is that increase of heterogeneity which is not a 
trait «of Evolution, distinguished from that increase of hetero¬ 
geneity which is. Though in disease and after death, individual 
or social, the earliest modifications are additions to the pre-existing 
heterogeneity v they are not additions to the pre-existing definite¬ 
ness. From the outset they begin to destroy this definiteness, 
and gradually produce a heterogeneity that is indeterminate 
instead of determinate. As a city, already multiform in its 
variously-arranged structures of various architecture pay be made 
more multiform by an earthquake, which leaves part of if stand¬ 
ing and overthrows other parts in different waysVnd degrees, but 
is at the same time reduced frofai orderly arrangement to disorderly 
arrangement; so may organized bodies be made for a time more 
multiform by changes which are nevertheless disorganizing changes. 
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And in the one cm* as In the other. It is the absence of definiteness 
which dUtinguishes the multiformity of regression from the multi¬ 
formity of progression. 

V advance from the indefinite to the definite is an essential 
charaqjteristie- of Evolution, we shall of course find it everywhere 
displayed; as in the last chapter we found displayed the advance 
from the homogeneous to the heterogeneous. To see whether it Is 
so, let us now reconsider the same several classes of facts. 

| ISO. Beginning, as before, with a hypothetical illustration, 
we have to not^ that each step in the evolution of the Solar 
System, supposing it to have originated from diffused matter, was 
an advance towards more definite structure. As usually con¬ 
ceived, the initial nebula was irregular in shape and with indistinct 
margins, like those of nebulae now existing. Having partially- 
different proper motions, the parts of its attenuated substance, 
white being drawn together, generated, by the averaging of their 
motions, as well as by changes in the directions of these motions, 
a certain angular momentum; and the entire mass as it concen¬ 
trated and acquired rotation must have assumed the form of an 
oblate spheroid which with every increase of density, became more 
specific in outline, and had its surface more distinctly marked off 
from the surrounding void. Simultaneously, the constituent 
portions of nebulous matter, instead of moving round their common 
centre of gravity in various planes, as they would at first do, must 
have had these planes more and more merged into a single plane, 
that’became less vague as the concentration progressed—became 
gradually defined. 

According to the*hvpothesis, change from indistinct characters 
to distinct ones, was repeated in the evolution pf planets and 
satellites. A gaseous spheroid is less definitely limited than a 
liquid sphgrqjtf, since it is subject to larger undulations of surface, 
and to greatqp distortions of general form ; and, similarly, a liquid 
spheroid, covered as it must be with waves of various magnitudes, 
tidal and other, is'less definite than a^solid spheroid. The decrease 
of oblateness which goes along with increase of integration, brings 
relative definiteness of other elements. A concentrating planet 
having an axis inclined to the plane of its orbit, must, while very 
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oblate, have its plane of rotation much disturbed by external 
attractions; whereas its approach to a spherical form, involves 
a smaller processional motion, and leas marked variations in the 
direction of its axis. 

With progressing settlement of the space-relations, the 0 forc*^ 
relations simultaneously become more settled; and the exact 
calculations of physical astronomy show us how definite these 
force-relations now are. In short, it needs but to think of the 
contrast between the chaos of the primitive nebula and the 
ordered relations of the Solar System in the sizes, shapes, motions 
and combined inter-actions of its members, to sep that increase of 
definiteness has been a marked trait of its evolution 

§ 131. From that primitive molten state of the Earth inferable 
from geological data as well as from the nebular hypothesis 
(probably a liquid shell having a nucleus of gases above the 
**critical point" of temperature, kept by pressure at a density as 
great as that of the superjacent liquid) the transition to its exist¬ 
ing state has been through stages in which the characters became 
more determinate. A liquid spheroid is less specific than a solid 
spheroid in having no fixed distribution of ports. Currents of 
molten matter, though kept to certain general circuits by the 
conditions of equilibrium, cannot, in the absence of solid boundaries, 
be precise in their limits and directions* all parts must lie in 
motion with respect to other parts. But a superficial solidifica¬ 
tion,'"even though partial, is a «tep towards the establishment of 
definite relations of position. In a thin crust, however, often 
ruptured by disturbing* forces, and moved by every tidal undula¬ 
tion, fixity of relative position can be but temporary. Qqjy as the 
crust thickens jean there arise distinct and settled geographical 
positions. Observe, to6, that when, on a surface adequately 

cooled, there begins to precipitate the water above as 

vapour, the deposits cannot maintain definitenes* thereof state 
or place. Falling on a solid envelope not thick enough to preserve 
anything beyond slight variations of level 1 , the water must form small 
and shallow pools over the coolest areas; which areas must pass 
insensibly into others that are too hot to allow condensation. 
With progressing refrigeration, however,—with a Chickening crust. 
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• consequent formation at larger elevations and dcpravions, and 
the precipitation of more atmospheric water, there comes an 
arrangement of parts which is comparatively fixed; and the 
dc§nitcneas of position increases, until there result continents and 
oceans—a distribution that is not only topographically settled, 
Twt presents separations of land from water more definite than 
could liave existed when all the uncovered areas were low islands 
with shelving beaches, over which the tide ebbed and flowed to 
great distances. 

Respecting the characters classed as geological, we may draw 
kindred inferences. While the Earth's crust was thin, mountain- 
chains were impossibilities: there could not have been long and 
well-defined a%*s of elevation, with distinct water-sheds and areas 
of dn^uage. moreover, the denudation of small islands by small 
rivers, and by tidal streams both feeble and narrow, would produce 
no clearly-marked sedimentary strata. Confused and varying 
masses of detritus, such as we now find at the mouths of brooks, 
must have tx-cn the prevailing formations. And these could give 
place to distinct strata, only as there arose continents and oceans, 
with their great rivers, long coast-lines, and wide-spreading marine 
currents. 

There must simultaneously have resulted more definite meteoro¬ 
logical conditions. Differences of climates and seasons grew 
relatively decided as the heat derived from the Sun became 
distingui.diable from the proper heat of the Earth; and the 
production of more sjiccific conditions in each locality was Sided 
by increasing permanence in the distribution of lauds and seas. 
These are conclusions sufficiently obvious. 

§ .133? tVe come now to the evidence yielded by. organic bodies. 
In place of deductive illustrations, v?e shall here find illustrations 
which have # Kecn inductively established, and are therefore less 
open to criticism. The course of mammalian development, for 
example* will supply us with numerous proofs ready-described by 
embryologists. * 

The first change which* the ovum of a mammal undergoes after 
repeated segmentation lias reduced it to a mulberry-like mass, is 
the appearance fif a distinction between the peripheral or epiblastic 
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.«£• of this moss and the internal or hypoblastic cells. While 
growing rapidly the cluster of cells becomes hollow, and the 
blastodermic vedde so formed presents a definite contrast between 
the outer layer, or epiblast, and its contents. The mass of hypo¬ 
blast cells, haring at first an indefinite, lens-like figure at^iched 
to the inside of the epiblast, spreads out and flattens into a 
membrane, the boundary of which is irregular—indefinite alike* 
in form and constitution. And then the middle or thicker part 
presently becomes an opaque circular spot constituting the em¬ 
bryonic area: a spot which gradually acquires a pronounced outline. 
In the centre of this there at length comes the, primitive streak 
or trace, which, as its name implies, is indefinite but bv-and-by 
** becomes a more pronounced structure." Withir* this streak or 
trace the vertebrate axis first shows itself. Beginning as a shallow 1 
groove, it becomes slowly more pronounced; its sides grow higher; 
their summits overlap and at last unite; and so the indefinite 
groove passes into a definite tube, forming the vertebral canaL 
In this vertebral canal the leading divisions of the brain are at 
first discernible only as slight bulgings; while the proto-vertebrae 
commence as indistinct modifications of the tissue bounding the 
canaL Meanwhile in kindred ways the indefinite outspread mem¬ 
brane through which are absorbed the materials for the unfolding 
structures around is changed into a definite alimentary canaL 
And in an analogous manner the entire embryo, which at first 
lies outspread on the yelk-sack, gradually rises up from it, and 
by the unfolding of its ventraL region becomes a separate mass, 
definitely outlined, connected with the yelk-sack only by a narrow 
duct. 

These changes, through which the general * structure ( is fl marked 
out with slowly-increasing precision, are paralleled in the evolution 
of each organ. The liver coflimences by multiplication of certain 
cells in the wall of the intestine. The thickening*jproduoed by 
this multiplication, “ increases so as to form a prcgcqj^ion upon the 
exterior of the canal—a hollow bud "; and at the same time that 
the organ grows and becomes distinct from xbe intestine, the 
channels running through it are transformed into ducts having 
dearly-marked walls. Similarly, certain cells of the external coat 
of the alimentary canal at its upper portion, Accumulate into 
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lamp* or bud* from which the Itings are developed; and these, in 
their general outlines and detailed structure, acquire distinctness 
step by step. But even were no examples given, it would be 
undeniable that since a simple cluster of similar cells grows into 
head, trunk, and limbs of distinct shapes, each made up of many 
tkrganl containing parts severally having clear outlines and com* 
posed of specific tissues, increase of definiteness has been a leading 
trait of the transformation. 

Changes of this order continue long after birth; and, in the 
human being, are some of them not completed till middle life. 
During youth, most of the articular surfaces of the bones remain 
rough and fissured—the calcareous deposit ending irregularly in 
the surrounding cartilage. But between puberty and the age of 
thirty, these asticul&r surfaces are finished off into smooth, hard, 
sharply-cut “ epiphyses." Generally, indeed, we may say that 
increase of definiteness continues when there has ceased to be any 
appreciable increase of heterogeneity. And there is reason to 
think that those modifications which take place after maturity, 
bringing about old age and death, are modifications of this nature; 
since they cause rigidity of structure, a consequent restriction of 
movement and of functional pliability, a gradual narrowing of 
the limits within which the vital processes go on, ending in an 
organic adjustment too precise—too narrow in its margin of 
possible variation to permit the requisite adaptation to changes 
of external conditions. 

§•133. To give clear proof that the Earth's Flora and Fauna, 
regarded either as wholes or in their separate species, have pro¬ 
gressed in definiteness, is no more possible than it^was to prove 
that thty have progressed in heterogeneity: the facts are not 
sufficient. If, however, we allow .ourselves to reason from the 
hypothesis, sow daily rendered more probable, that every species 
has arisefi through the accumulation of modifications upon 
modification^, just as every individual arises; we shall see that 
there must have'»been a progress from the indeterminate to the 
determinate, both in th$ particular forms and in the groups of 
forms. 

We may set out with the significant fact that the lowest 
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organism (which are analogous in structure to the germs of all 
higher ones) have so little definiteness that it is difficult, if not 
impossible, to decide whether they are plants or animals. Respect¬ 
ing sundry of them there are unsettled disputes between zoologists 
and botanists. Note next that aihong the Prqtosoa, great 
indefiniteness of shape is general. Of sundry shell-less RhuopodJ 
the form is so irregular as to admit of no description: it is neither 
alike in any two individuals nor in the same individual at successive 
moments. By aggregation of Protozoa, are produced, among 
other creatures, the Sjmnges, most of which are indefinite in size, 
in contour, in interned arrangement; and such more definite 
aggregates as the Hydra are made indefinite both by the great 
differences lietween their contracted and expandcd # states and by 
their reproductive developments. As further tshowing how 
relatively indeterminate are the simplest organisms, it may be 
mentioned that their structures vary greatly with surrounding 
conditions: so much so that, among the Protozoa and Pratophyta , 
many forms which were once classed as distinct species, and even 
as distinct genera, are found to be merely varieties of one 
species. If, now, we call to mind how precise in their traits 

are the highest organisms—how sharply cut their outlines, how 
invariable their projwjrtions, and how comparatively constant their 
structures under changed conditions; we cannot deny that greater 
definiteness is one of their characteristics. If they have been 
evolved out of lower organisms, increase of definiteness has been an 
accoigpaniment of their cvolutiorp 

That, in course of time, species have become more shnVply 
marked off from other* species, genera from genera, and orders 
from orders, is a conclusion not admitting of a more positive 
establishmentlhan the foregoing. If, however, species aim genera 
and orders have‘arisen by evolution, then, as Mr. Darwin shows, 
the contrasts between groups must have become greater. Dis¬ 
appearance of intermediate forms, less fitted for special spheres of 
existence than the extreme forms they connected, mus? ha\*e mode 
the differences between the extreme fonjis decided; and so, from 
indistinct varieties, must ha*te been produced distinct species: 
an inference which is in harmony with what we know respecting 
races of men and races of domestic animals. 
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§ 184, Hm racoeasive phases through which societies pass, obvi- 
wsly display the progress from indeterminate arrangements to 
determinate arrangements, A wandering tribe of savages, being 
fixed neither in its locality nor in its internal distribution, is far 
!e£ definite in the relative? positions of its parts than a nation. 
4n stifh a tribe the social relations are confused and unsettled. 
Political authority is vague. Distinctions of rank are neither 
clearly marked nor impassable. And save in the different 
occupations of men and women, there are no decided industrial 
division*. Only in tribes of considerable size, which have enslaved 
other tribes, is economic differentiation distinct. 

But one of thtse primitive societies that evolves, becomes step 
by step more specific. Increasing in size, consequently ceasing 
to be so nonyulic, and restricted in its range by neighbouring 
societies, it acquires, after prolonged bonier warfare, a settled 
territorial boundary. The distinction between the ruling race 
and the people, sometimes amounts, in the popular belief, to a 
difference of nature. The warrior-class attains a perfect separation 
from classes devoted to the cultivation of the soil or to other occu¬ 
pations regarded as servile. And there arises a priesthood which 
is defined in its rank, its functions, its privileges. This 

sharpness of definition, growing both greater and more variously 
exemplified as societies advance to maturity, is extrvmcst in those 
which have reached their full development or are declining. Of 
ancient Egypt we read that its social divisions were precise and its 
customs rigid. Recent investigations make it more than , ever 
clear that among the Assyrians and surrounding peoples, not only 
were the laws unalterable, but even the minor habits, down to 
those of domestic routine, possessed a sac-redness which insured 
their permanence. In India at the present day, the unchangeable 
distinctions of caste, not less than the constancy in modes of dress, 
industrial processes, and religious observances, show how definite 
arc the arrangements where the antiquity is great. Nor docs 
China, with its long-settled political organization, its elaborate 
and precise conve.itions, fail to exemplify the same truth. 

The successive phasqt of our own and adjacent societies, 
furnish facts somewhat different in kind but similar in meaning. 
Originally, monarchical authority was more baronial, and baronial 
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authority more monarchical, than afterwards. Between modern 
priests and the priests of old times, who while officially teachers 
of religion were also warriors, judges, architects, there is a marked 
difference in definiteness of function. And among the people 
engaged In productive occupations,* like contrasts hold: the 
regulative parts have become definitely distinct from the operative 
parts and the distributive parts from both. The history 

of our constitution, reminding us how the powers of King, Lords, 
and Commons, have been gradually settled, describes analogous 
changes. Countless facts bearing the like construction meet us 
when we trace the development of legislation ; in the successive 
stages of which we find statutes gradually rendered more specific 
in their applications to particular cases. Even now each new law, 
beginning as a vague proposition, is, in the coursew of enactment, 
elaborated into specific clauses; a».d only after its interpretation 
has been established by judges' decisions in courts of justice, does 
it reach its final definiteness. From the annals of minor 

institutions like evidence may be gathered. Religious, charitable, 
literary, and all other societies, starting with ends and methods 
roughly sketched out and easily modifiable, show us how, by the 
accumulation of rules and precedents, the purposes become more 
precisely formulated and the modes of action more restricted; 
until at last decay follows a fixity which admits of no adaptation 
to new conditions. Should it be objected that among civilized 
nations there are examples of decreasing definiteness, (instance the 
breaking down of limits between ranks,) the reply is that such 
apparent exceptions are the accompaniments of a social metamor¬ 
phosis—a change from .the military type of social structure to the 
industrial type, during which old lines of structure are disappearing 
and new ones*becoming more marked. 

| 185. All organized results of social action—ali, supcrorganic 
structures, pass through parallel phases. Bein£, As •they are, 
objective products of subjective processes, they mast hisplay corre¬ 
sponding changes; and that they do this, the cases of Language, 
of Science, of Art, clearly prove. 

Strike out from our sentences everything but nouns and verbs, 
and there stands displayed the vagueness characterizing un- 
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developed tongues. Each inflection of a verb, or addition by 
which the case of a noun is marked, by limiting the conditions of 
action or of existence, enables men to express their thoughts more 
precisely. That the application of an adjective to a noun or an 
adverb to a verb, narrows the class of things or changes indicated, 
fmplits that the additional word serves to make the proposition 
more distinct. And similarly with other parts of speech. 

The like effect results from the multiplication of words of each 
order. When the names for objects, and acts, and qualities, are 
but few, the range of each is proportionately wide, and its mean¬ 
ing therefore unspecific. The similes and metaphors so much used 
by aboriginal racfts, indirectly and imperfectly suggest ideas which 
they cannot express directly and perfectly from lack of words. Or 
to take a case croni ordinary life, if we compare the speech of the 
peasant who, out of his limtted vocabulary, can describe the 
contents of the bottle he carries, only as ** doctor's stuff” which he 
has got for his “sick ” wife, with the speech of the physician, who 
tells those educated like himself the particular composition of the 
medicine and the particular disorder for which he has prescribed 
it; we have vividly brought home to us the precision which 
language gains by the multiplication of terms. 

Again, in the course of its evolution, each tongue acquires a 
further accuracy through processes which fix the meaning of each 
word. Intellectual intercourse slowlv diminishes laxity of expres¬ 
sion. By-and-by dictionaries give definitions. And eventually, 
among the most cultivated, indefiry teness is not tolerated, either in 
the terms used or in their grammatical combinations. 

Once more, languages considered as wholes become more sharply 
marked off from on» another, and from their comtngn parent; as 
witnessed* early times, the clear distinction that arose between the 
two connate languages Greek and •Latin, and in* later times the 
divergence afi three Latin dialects into Italian, French, and 
Spanish. 

| 186. In his History of the Inductive Sciences , Dr. Whewell 
says that the Greeks failed in physical philosophy because their 
M ideas were not distinct, and appropriate to the facts.” I do not 
quote this remark for its lunrinoiwnesa; since it would be equally 



so* 


THE KNOWABLE 


proper to escribe the indisti nctne s s and inappropriateness of their 
ideas to the imperfection of their physical philosophy; but I quote 
it because it serves as good evidence of the indefiniteness of primi¬ 
tive science. The same work and its fellow. The Philosophy qfthe 
Inductive Sciences, yield other evidences equally good, because 
equally independent of any such hypothesis as is here to be %stab -' 1 
lished. Respecting mathematics, we have the fact that geometrical 
theorems grew out of empirical methods; and that these theorems, 
at first isolated, did not acquire the clearness which demonstration 
gives, until they were arranged by Euclid into a series of dependent 
propositions. At a later period, the same general truth was 
exemplified in the progress from the 41 method of Exhaustions " and 
the 44 method of indivisibles" to the 44 method of limits"; which is 
the central idea of the infinitesimal calculus. In early 

mechanics may be traced a dim perception that action and reaction 
are equal and opposite; though, for ages after, this truth remained 
unformulated. And similarly, the property of inertia, though not 
distinctly comprehended until Kepler lived, was vaguely recognized 
long before. 44 The conception of statical force," 44 was never pre¬ 
sented in a distinct form till the works of Archimedes appeared"; 
and 44 the conception of accelerating force was confused, in the mind 
of Kepler and his contemporaries, and did not become clear enough 
for purposes of sound scientific reasoning before the succeeding 
century." To which specific assertions may be added the general 
remark, that 44 terms which originally, and before the laws of motion 
were fully known, were used in a, very vague and fluctuating sense, 
were afterwards limited and rendered precise." When 

we turn from abstract scientific conceptions to the concrete pre¬ 
visions of sciepee, of which astronomy furnishes numerous examples, 
a like contrast is visible. The times at which celestial phenomena 
will occur, have been predicted with ever-increasing accuracy. 
Errors once amounting to days are now diminished to seconds. 
The correspondence between the real and supposed t forins v of orbits 
has been gradually rendered more precise. Originally 'thought 
circular, then epicyclical, then elliptical, orbits a;e now ascertained 
to be curves which always <&viate from perfect ellipses, and are 
ever undergoing changes. 

But the general advance of Science in definiteness is best shown 
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by the contrast be t w een its qualitative stage and its quantitative 
stage. At first the facts ascertained were that between such and 
such phenomena some connexion existed—that the appearances 
g ,.. and b always occurred ^jgether or in succession; but it was 
knovgi neither what was the nature of the relation between a and 
b , nor how much of a accompanied so much of b. The develop¬ 
ment of Science has in part been the reduction of these vague 
connexions to distinct ones. Most relations have been classed as 
mechanical, chemical, thermal, electric, magnetic, See .; and we 
have learnt to infer the relative amounts of the antecedents and 
consequents with exactness. Of illustrations, some fur¬ 

nished by physics have been given, and from other sciences plenty 
may be added.. We have ascertained the constituents of numerous 
conifpunds which our ancestors could not analyze, and of a far 
greater number which they never even saw; and the combining 
equivalents of the elements are now accurately calculated. Physi¬ 
ology shows advance from qualitative to quantitative prevision in 
ascertaining definite relations between organic products and the 
materials consumed; as well as in measurement of functions by 
spirometer and sphygmogrnph. By Pathology it is displayed in 
the use of the statistical method of determining the sources of 
diseases, and the efTects of treatment. In Botany and Zoology, 
the numerical comparisons of Floras and Faunas, leading to specific 
conclusions respecting their sources and distributions, illustrate it. 
And in Sociology, questionable as are many conclusions drawn 
from the classified sum-totals of* the census, from the Boafd-of- 
TraSe tables, and from criminal returns, it must be admitted that 
these imply a progress towards more precise conceptions of social 
phenon^na. 

That an essential characteristic of advancing Sgence is increase 
in definiteness, appears indeed almost a truism, when we remember 
that Sdence’may be described as definite knowledge, in contra¬ 
distinction to that indefinite knowledge possessed by the uncul¬ 
tured. # Ana if, as we cannot question, Science has, in the course 
of ages, been evfilved out of this indefinite knowledge of the 
uncultured, then, the gradual acquirement of that great definite¬ 
ness which now distinguishes it, must have been a leading trait 
in its evolution! 
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§ 137. Hie Axis, industrial and aesthetic, supply illustrations 
perhaps still more striking. Palaeolithic flint implements show 
the extreme want of precision in men's first handiworks. Though 
a great advance on these is semi in the tools and weapons „pf 
existing savage tribes, yet an inexactness in forms, and fittings 
distinguishes such tools and weapons from those of civilised races. 
In a smaller degree, the productions of the less-advanced nations 
are characterized by like detects. A Chinese junk, with all its 
contained furniture and appliances, nowhere presents a line that 
is quite straight, a uniform curve, or a true surface. Nor 

do the utensils and machines of our ancestors fail to exhibit a 
similar inferiority to our own. An antique chair^ an old fireplace, 
a lock of the last century, or almost any article of household use that 
has been preserved for a few generations, proves bt contras^ how 
greatly the industrial products of our time excel those of the past 
in their accuracy. Since planing machines have been invented, 
it has become possible to produce absolutely straight lines, and 
surfaces so truly level as to be air-tight when applied to each 
other. While in the dividing-engine of Troughton, in the micro¬ 
meter of Whitworth, in microscopes that show fifty thousand 
divisions to the inch, and in ruled divisions up to 200,000, we have 
an exactness as far exceeding that reached in the works of our great¬ 
grandfathers, as theirs exceeded that of the aboriginal wit-makers. 

In the Fine Arts there has been a parallel progress. From the 
rudely-carved and painted idols of savages, through the early 
sculpt cures characterized by limb, without muscular detail, wooden- 
looking drapery, and faces devoid of individuality, up to the later 
statues of the Greeks of some of those now produced, the increased 
accuracy of ^presentation is conspicuous. Compare the mural 
paintings of the .Egyptians with the paintings of medieval Europe, 
or these with modern painting^, and the more precise rendering of 
the appearances of objects is manifest. ll^ is the same 

with fiction and the drama. In the marvellous ^tales current 
among Eastern nations, in the romantic legends of feudal "Europe, 
as well as in the mystery-plays and these immediately succeeding 
them, we see great want of correspondence to the realities of life; 
alike in the predominance of supernatural events, in the extremely 
improbable occurrences, and in the vaguely-indic&ted personages. 
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Along with social advance, there has been a progressive diminution 
of unnaturalness—an approach to truth of representation. And 
now, cultivated men applaud novels and plays in proportion to 
the fidelity with which they exhibit characters; improbabilities, 
like (he impossibilities which preceded them, are disallowed; and 
we see fewer of those elaborate plots which life rarely furnishes: 
realities are more definitely pictured. 

§ 188. Space might be filled with evidences of other lands, but 
the basis of induction is already wide enough. Proof that all 
Evolution is from the indefinite to the definite, we find not leu 
abundant than proof that all Evolution is from the homogeneous 
to the heterogeneous. 

It,should, however, be added that this advance in definiteness 
is not a primary but a secondary phenomenon—is a result 
incidental on other changes. The transformation of a whole that 
was originally diffused and uniform into a concentrated combina¬ 
tion of multiform parts, implies progressive separation both of the 
whole from its environment and of the parts from one another. * 
While this is going on there must be indistinctness. Only as the 
whole gains density, does it become sharply marked off from the 
space or matter lying outside of it; and only as each division 
draws into its mass those peripheral portions which are at first 
imperfectly disunited from the peripheral portions of neighbour¬ 
ing divisions, can it acquire anything like a precise outline. That 
is to say, the increasing definiteness is a concomitant »f the 
increasing consolidation, general and local. While the secondary 
re-distributions are ever adding to the heterogeneity, the primary 
re-distfiljution, whfile augmenting the integration, is incidentally 
giving distinctness to the inereasingly-unlike parts as well as to the 
aggregate of them. 

But though this universal trait of Evolution is a necessary 
accompaniment of the traits set forth in preceding chapters, it is 
not expressed in the words used to describe them. It is therefore 
needful further fo modify our formula. The more specific idea of 
Evolution now reached *s—a change from an indefinite, incoherent 
homogeneity, to a definite coherent heterogeneity, accompanying 
the dissipation of motion and integration of matter. 
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THE LAW OF EVOLUTION CONCLUDED 

| 139. The conception of Evolution elaborated In the foregoing 
chapters, is still incomplete. True though it is, it is not the 
whole truth. The transformations which all things undergo 
during the ascending phases of their existence, we have contemplated 
under three aspects; and by uniting these three aspects as simul¬ 
taneously presented, we have formed an approximate idea of the 
transformations. But there are concomitant changes about which 
„ nothing has yet been said, and which, though less conspicuous, are 
no less essential. 

For thus far we have attended only to the re-distribution of 
Matter, neglecting the accompanying re-distribution of Motion. 
Distinct or tacit reference has, indeed, repeatedly been made 
to the dissipation of Motion, that goes on along with the 
concentration of Matter; and were all Evolution absolutely 
simple* the total fact would be contained in the proposition that 
as Motion dissipates Matter concentrates. But while we have 
recognized the ultimate * re-distribution of the Motion, we have 
passed over its proximate re-distribution. Though something has 
from time to time been said about the escaping motion,* nothing 
has been said about the motion' which does not escape. In pro¬ 
portion as Evolution becomes compound—in proportion as an 
aggregate retains, for a considerable time, such quantity of motion 
as permits secondary re-distributions of its componeht (hatter, 
there necessarily arise secondary re-distribution# of its retained 
motion. As fast as the partaf are transformed, there goes on a 
transformation of the sensible or insensible motions possessed by 
the parts. They cannot become more integrated, either individu- 
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ally or as a combination, without their motions, individual or 
oombined, becoming more integrated. Then cannot arise among 
them heterogeneities of sbe, of form, of quality, without there also 
£psing heterogeneities hi the amounts and directions of their 
motions, or. the motions \>f their molecules. And increasing 
’definiteness of the parts implies increasing definiteness of their 
motions. In short, the rhythmical actions going on in each 
aggregate, must differentiate and integrate at the same time that 
the structures do so. 

| 139a. The general theory of this re-distribution of the 
retained motion* must here be briefly stated. Properly to 
supplement oyr conception of Evolution under its material aspect 
by a conception of Evolution under its dynamical aspect, we have 
to re«»gnize the source of thfi integrated motions that arise, and 
to see how their increased multiformity and definiteness am 
necessitated. 

If Evolution is a passage from a diffused state to an aggregated 
state, then the motions of the celestial bodies must have resulted 
from the uncancelled motions of their once dispersed components. 
Along with the molecular motions everywhere active, there were 
molar motions of those vast streams of nebulous matter which 
were generated during the process of concentration—molar motions 
of which large portions were gradually dissipated as heat, leaving 
undissipated portions. But since the molar motions of these 
nebulous streams were constituted from the motions of pmlti- 
tudinous incoherent gaseous parts severally moving more or less 
independently, it follows that when aggregation into a liquid and 
finally^polid celestial mass was reached, these partiaily independent 
motions of the incoherent parts became merged into the motion 
of the whole: or, in other words unintegrated Motions became an 
integrated Motion. While we must leave in the shape 

of hypothesis, the belief that the celestial motions have thus 
originfttedTwe may see, as a matter of fact, that the integration 
of insensible motions originates all sensible motions on the Earth** 
surface. As all know, the denudation of lands and deposit of new 
strata, are effected by water while descending to the sea, or during 
the arrest of \hoee undulations produced on it by winds; and, as 
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before said, the elevation of water to the height whence it fell, is doe 
to solar heat, as is also the genesis of those aerial currents which 
drift it about when evaporated and agitate its surface when 
condensed. That is to say, the molecular motion of the ether^L 
medium is transformed into the motidb of gases, thence in^p the 
motion of liquids, and thence into the motion of solids: stages in 
each of which a certain amount of molecular motion is lost and 
an equivalent motion of masses gained. It is the same 

with organic movements. Certain rays issuing from the Sun, 
enable the plant to reduce special elements existing in gaseous 
combinations around it to solid forms—enable the plant, that is, 
to grow and carry on its functional changes. And since growth, 
equally with circulation of sap, is a mode of sensible, motion, while 
those rays which have been expended in generating both consist 
of insensible motions, we have herfe, too, a transformation of the 
kind alleged. Animals, derived as their forces are, directly or 
indirectly, from plants, carry this transformation a step further. 
The automatic movements of the viscera, together with the 
voluntary movements of the limbs and body at large, arise at 
the expense of certain molecular movements throughout the 
nervous and muscular tissues; and these originally arose at the 
expense of certain other molecular movements propagated by 
the Sun to the Earth; so that both the structural and functional 
motions which organic Evolution displays, are motions of aggregates 
generated by the arrested motions of units. Even with 

the ag g regates of these aggregates the same rule holds. For 
among associated men the progress is ever towards a merging of 
individual actions in the*actions of corporate bodies. In militant 
life this is seey in the advance from the independent fighting of 
separate warriors to the combined fighting of regiments, and,in 
industrial life in foe advance from the activities of separate workers 
to the combined activities of factory hands. So is too, when 
instead of acting alone citizens act in bodies—companies, unions, 
associations. Sic. While, then, during Evolution the 

escaping motion becomes, by widening dispersion, more dis¬ 
integrated, the motion that is for a time, retained becomes more 
integrated; and so, considered dynamically, Evolution is a decrease 
in the relative movements of ports and an increase In the relative 
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movements of wholes—using the words parts and wholes in their 
most general senses. The advance Is from the motions of simple 
molecules to the motions of compound molecules; from molecular 
(ggtions to the motions of masses; and from the motions of smaller 
roasseS'to the. motions of larger masses. 

The accompanying change towards greater multiformity among 
the retained motions, takes place under the form of an increased 
variety of rhythms. A multiplication of rhythms must accompany 
a multiplication in the degrees and modes of aggregation, and in 
the relations of the aggregated masses to incident forces. The 
degree or mode of aggregation will not, indeed, affect the rate or 
extent of rhythm where the incident force increases as the aggre¬ 
gate increases, yhich is the case with gravitation: here the only 
cause <jf variation in rhythm is difference of relation to the incident 
force; as we see in a pendulum which, though unaffected in its 
movements by a change in the weight of the bob, alters its rate of 
oscillation when its length is altered or when, otherwise unchanged, 
it is taken to the equator. But in all cases where the incident 
forces do not vary as the masses, every new order of aggregation 
initiates a new order of rhythm: witness the conclusion drawn 
from the recent researches into radiant heat and light, that the 
molecules of different gases have different rates of undulation.* 
So that increased multiformity in the arrangement of matter, 
•necessarily generates increased multiformity of rhythm; both 
through increased variety in the sizes and forms of aggregates, and 
through increased variety in their* relations to the forces which 
move* them. That these motions, as they become more in¬ 

tegrated and more heterogeneous, must beco’me more definite is a 
proposition that need not detain us. In proportion as any part of 
an ewlving whole segregates and consolidates, and ip so doing loses 
the relative mobility of its components, its aggregate motion must 
obviously acquire distinctness. 

Here, tfien^ to •complete our conception of Evolution, we must 
contemplate throughout the Cosmos, these metamorphoses of 
retained motion wffich accompany the metamorphoses of component 
matter. We may do thitf with comparative brevity: the reader 
having now become so familiar with the mode of looking at the facts, 

* This vu written in 1867. 
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that less illustration will suffice. To save space, it will be convenient 
to deal with the several aspect# of the metamorphoses at the same 
time. 

1140. Masses of diffused matter moving towards a common 
centre, from many points at many distances with many degrees o? 
indirectness, must carry into the nebulous mass eventually formed 
numerous momenta unlike in their amounts and directions. As 
the integration progresses, such parts of these momenta as conflict 
are mutually neutralized, and dissipated as heat. Unless the 
original distribution is quite symmetrical, which is infinitely 
improbable, rotation will result. The mass having at first unlike 
angular velocities at the periphery and at variou% distances from 
the centre, will have its differences of angular velbcity gradually 
reduced; advancing towards a final state, now nearly reached by 
the Sun, in which the angular velocity of the whole mass is the same 
—in which the motion is integrated. So, too, with each 

planet and satellite. Progress from the motion of a nebulous ring, 
incoherent and admitting of much relative motion within its mass, 
to the motion of a dense spheroid is progress to a motion that is 
completely integrated. The rotation, and the translation through 
space, severally become one and indivisible. Meanwhile, 

there has been established that further integration displayed by 
the motions of the Solar System as a whole. Locally in each 
planet and its satellites, and generally in the Sun and the planets, 
we Have a system of simple and* compound rhythms, with periodic 
and secular variations, forming together an integrated s£t of 
movements. 

Along with advancing integration of the mfttions there Jias gone 
advance in the jnultiformity and distinctness of them. ^The matter 
which, in its original diffused ftate, had movements that were con¬ 
fused, indeterminate, or without sharply-marked distinctions, has, 
during the evolution of the Solar System, acquired definitely 
heterogeneous movements. The periods of revolution of all the 
planets and satellites are unlike; as are also theft times of rotation. 
Out of these definitely heterogeneous motions of a simple kind 
arise others that are complex, but still definite;—as those produced 
by the revolutions of satellites compounded with the revolutions of 
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their primaries; as those of which precession is the result; and as 
those which are known as perturbations. Each additional com¬ 
plexity of structure has caused additional complexity of move- 
nqcpts; but still, a definite .complexity, as is shown by having 
calculable results. 

| 141. While the Earth's surface was molten, the currents in 
the voluminous atmosphere surrounding it, mainly of ascending 
heated gases and of descending precipitated liquids, must have 
been local, numerous, indefinite, and but little distinguished from 
one another. But when after a vast period the surface, now 
solidified, had so far cooled that solar radiation began to cause 
appreciable differences of temperature between the equatorial and 
■polar qegions, in atmospheric circulation from poles to equator 
and from equator to poles mus\ have slowly established itself: 
other vast moving masses of air becoming, at last, trade-winds and 
other such permanent definite currents. These integrated 

motions, once comparatively homogeneous, were rendered hetero¬ 
geneous as great islands and continents arose, to complicate them 
by periodic winds, caused by the varied heating of wide tracts of 
land at different seasons. Rhythmical motions of a constant and 
•simple kind, were, by increasing multiformity of the Earth's surface, 
differentiated into an involved combination of constant and recurrent 
rhythmical motions, joined with smaller motions that are irregular. 

Parallel changes must have taken place in the motions of water. 
On a thin crust, admitting of but small elevations and depressions, 
and therefore of but small lakes and seas, none beyond small local 
circulations were passible. But along with fhe formation of con¬ 
tinents aryl oceans, cahie the vast movements of water* from warm 
latitudes to cold and from cold to warm—movement^ increasing in 
amount, in definiteness, and in variety of distribution, as the 
features of t|fe Earth's surface became larger and more con¬ 
trasted. a The like holds with drainage waters. The tricklings 
of insignificant streams over small tracts of land, were once alone 
. possible; but as fast as wide areas came into existence, the motions 
of many tributaries became massed into the motions of great rivers; 
and instead of motions very much alike, there arose motions con¬ 
siderably varied. * 
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Nor can we well doubt that the changes in the Earth's crust 
itself, have presented an analogous progress. Small, numerous, 
local, and like one another, while the crust was thin, the move¬ 
ments of elevation and subsidence nyist, as the crust thickeqg^, 
have extended over larger areas, mult have continued for # longer 
eras in the same directions, and must have been made more unlike 
in different regions by local differences of structure. 

| 142. In organisms the advance towards a more integrated, 
heterogeneous, and definite distribution of the retained motion, 
which accompanies the advance towards a more integrated, hetero¬ 
geneous, and definite distribution of the component matter, is 
mainly what we understand as the development of, functions. All 
active functions are either sensible movements, as*those produced* 
by contractile organs; or such insensible movements as those propa¬ 
gated through nerves; or such insensible movements as those by 
which, in secreting organs, molecular re-arrangements are effected, 
and new combinations of matter produced. And during evolution 
functions, like structures, become more consolidated individually, 
as well as more combined with one another, at the same time that 
they become more multiform and more distinct. 

The nutritive juices in animals of low types move hither and 
thither through the tissues quite irregularly, as local strains and 
pressures determine: in the absence of a true blood mid a distinct* 
vascular system, there is no definite circulation. But along with 
th^ structural evolution which establishes a good apparatus for 
distributing blood, there goes on the functional evolution which 
establishes large and Vapid movements of blood, definite in their 
courses and •definitely distinguished as efferent and affqpent, and 
that are heterogeneous both in their directions and in their •char¬ 
acters : being here divided intft gushes and there continuous. 

Again, accompanying the structural differentiations and integral 
tions of the alimentary canal, there arise differentiations and 
integrations both of its mechanical movements and its actions of a 
non-mechanical kind. Along an alimentary teftnal of a primitive 
type there pass, almost uniformly from «end to end, waves of con¬ 
striction. But in a well-organized alimentary canal, the waves of 
constriction are widely unlike at different parti, in their kinds. 
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strengths, and rapidities. In the oesophagus they are propulsive 
in their office, and travelling with considerable speed, take place at 
intervals during eating, and then do not take place till the next 
ngg&l. In the stomach another modification of this originally 
uniform action occurs: the’*muscular constrictions are powerful, 
and continue during the long periods that the stomach contains 
food. Throughout the upper intestines, again, a further difference 
shows itself—the waves travel along without cessation but are 
relatively moderate. Finally, in the rectum this rhythm departs 
in another way from the common type: quiescence, lasting for 
many hours, is followed by a series of strong contractions. Mean¬ 
while, the essential actions which these movements aid, have been 
growing more definitely heterogeneous. Secretion and absorption 
are no^longer carried on in much the same way from end to end of 
the tube; but the general fu net ton dirides into various subordinate 
functions. The solvents and ferments furnished by the coats of 
the canal and the appended glands become widely unlike at upper, 
middle, and lower parts of the canal; implying different kinds of 
molecular changes. Here the process is mainly secretory, there it 
is mainly absorbent, and in other places, as in the oesophagus, 
neither secretion nor absorption takes place to any appreciable 
extent. While these and other internal motions, sensible 

and insensible, are being rendered more various, and severally more 
• integrated and more distinct, there is advancing the integration by 
which they are united into local groups of motions and a combined 
system of motions. While the function of alimentation subdivides, 
its subdivisions become co-ordinated, so that muscular and secre¬ 
tory actions go on in concert, and so that excitement of one part 
of the canal sets up ^excitement of the rest. Moreover, the whole 
alimentary function, while it supplies matter for the circulatoiy 
and respiratory functions, becomes so integrated with them that it 
cannot for a*tnoment go on without them. And, as evolution 
advances^all three of these fundamental functions fall into greater 
subordination to the nervous functions—depend more and more 
on the due amount of neryous discharge; while at the same time 
their motions become co-ordinated, t>r in a sense integrated, with 
those of the nervo-muscular system, on which they depend for the 
supply of materials. 
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When we trace up the functions of motor organs the same 
truth discloses itself. Microscopic creatures are moved through 
the water by the oscillations of cilia, here large and single or 
double, and here smaller and numerous; and various larger forgjs, 
as the Turbellaria, progress by ciliary action over «olid surfaces. 
These motions of cilia are, in the first place, severally very minute; 
in the second place, they are homogeneous; and in the third place, 
there is but little definiteness in them individually, or in their 
joint product, which is mostly a random change of position not 
directed to any selected point Contrasting this ciliary action 
with the action of developed locomotive organs, we sec that instead 
of many small or unintegrated movements there'are a few compara¬ 
tively large or integrated movements; that artifjns all alike are 
replaced by actions partially or wholly unlike; and*that insjtead of 1 
being very feebly or almost accidentally co-ordinated, their de¬ 
finite co-ordination renders the motions of the bodv as a whole, 
precise A parallel contrast less extreme but sufficiently 

decided, is seen when we pass from the lower ty|>es of creatures 
with limbs to the higher types of creatures with limbs. The legs 
of a Centipede have motions that are numerous, small, and homo¬ 
geneous; and are so little integrated that when the creature is 
divided and subdivided, the legs belonging to each part propel 
that part independently. But in one of the higher Arthropwla , as 
a Crab, the relatively few limbs have motions which are compara-* 
tively large in their amounts, which are considerably unlike one 
another, and which are integrated into total bodily movements of 
much definiteness. 

| 143. The % last illustrations introduce us to illustration of the 
kind classed as mental. They are the physiological aspects o£ the 
simpler among "those functions which, under a more special and 
complex aspect, we distinguish as psychological. The phenomena 
subjectively known as changes in consciousness* are objectively 
known as nervous excitations and discharges, which "science now 
interprets into modes of motion. Ilcncc, in following up organic 
evolution, advance of the retained motion alike in integration, in 
heterogeneity, and in definiteness, may be expected to show itself 
both in the visible nervo-muscular actions and uf the correlative 
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mental changes. We may conveniently look at the fact* as 
exhibited during individual evolution, before looking at them as 
exhibited in general evolution. 

The progress of a child in speech very clearly displays the trans- 
fSPmation. Infantine noi&s are comparatively homogeneous; 
Si ike ds being severally long-drawn and nearly uniform from end 
to end, and as being constantly repeated with but little variation 
of quality. They are quite un-coordinated—there is no integra¬ 
tion of them into compound sounds. They are inarticulate, or 
without those definite beginnings and endings and joinings char¬ 
acterizing words. Progress shows itself first in the multiplication 
of the inarticulato sounds: the extreme vowels are added to the 
medium vowels, and the compound to the simple. Presently the 
movements which form the simpler consonants are achieved, and 
some df the sounds become sluirply cut; but this definiteness is 
partial, for only initial consonants being used, the sounds end 
vaguely. While an approach to distinctness thus results, there also 
results, by combination of different consonants with the same vowels, 
an increase of heterogeneity ; and along with the complete distinct¬ 
ness which terminal consonants give, arises a further great addition 
to the number of unlike sounds produced The more difficult 
consonants and the compound consonants, imperfectly articulated 
at first, are bv-and-by articulated with precision ; and hence arises 
another multitude of different and definite words—words that 
imply many kinds of vocal movements, severally performed with 
exactness, as well as perfectly integrated into complex groups. 
The subsequent advance to dissyllables and polysyllables, and to 
involved combinations of words, shows the still higher degree of 
integration and heterogeneity eventually reached by these organic 
motions.'* " The acts of consciousness correlated with these 
nervo-muscular acts of course go thcough parallel phases ; and the 
advance from childhood to maturity yields daily proof that the 
changes which, on their physical side are nervous processes, and 
on thei. mtfbtal side are processes of thought, become more 
various, more defined, more coherent At first the intellectual 
functions are much alike in kind—recognitions and classifications 
of simple impressions alone go on; but in course of time these 
functions become multiform. Reasoning grows distinguish- 
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able, and eventually we have conscious induction and deduction; 
deliberate recollection and deliberate imagination are added to 
sample unguided association of ideas; more special modes of mental 
action, as those which result in mathematics, music, poetry, arise; 
and within each of these divisions the,* mental movements are offer 
being further differentiated. In definiteness it is tLe sanfe. M 
first the infant makes its observations so inaccurately that it fails to 
distinguish individuals. The child errs continually in its spelling, 
its grammar, its arithmetic. The youth forms incorrect judg¬ 
ments on the affairs of life. Only with maturity comes that 
precise co-ordination of data which is implied by a good adjust¬ 
ment of thoughts to things. Lastly, with the integration by 
which simple mental acts are combined into complex mental acts, 
we see the like. In the nursery you cannot ot&ain continuous 
attention—there is inability to 4orai a coherent series of im¬ 
pressions; and there is a parallel inability to unite many co¬ 
existent impressions, even of the same order: witness the way in 
which a child's remarks on a picture show that it attends only to 
the individual objects represented, and never to the picture as a 
whole. But advancing years bring the ability to understand an 
involved sentence, to follow long trains of reasoning, to hold in 
one mental grasp numerous concurrent circumstances. A like 
progressive integration takes place among the mental changes we 
distinguish as feelings; which in a child act singly, producing 
impulsiveness, but in an adult act more in concert, producing a 
comparatively balanced conduct. 

After these illustrations supplied by individual evolution, we 
may deal briefly with .those supplied by general evolution, which 
are analogous to them. A creature of very lew intelligence, when 
aware of some large object in motion near it, makes at spasmodic 
movement, causing, it may be, a leap or a dart. The perceptions 
implied are relatively simple, homogeneous, and indefinite: the 
moving objects are not distinguished in their kinds a# injurious 
or otherwise, as advancing or receding. The actions of escape, 
too, are all of one kind, have no adjustments of direction, and may 
bring the creature nearer the wource of peril instead of further off 
At a higher stage the dart or the leap is away from danger: the 
nervous changes are so far specialized that there results distinc- 
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tfon of direction; indicating a greater variety among them, a 
greater co-ordination or integration of them in each process, and 
a greater definiteness. In still higher animals, able to discriminate 
between enemies and not-enemies, as a bird which flies from a man 
but not from a cow, the acta of perception have severally become 
ftnited into more complex wholes, since cognition of certain differ¬ 
ential attributes is implied; they have also become more multiform, 
since each additional component impression adds to the number 
of possible compounds; and they have, by consequence, become 
more specific in their correspondences with objects—more definite. 
And then in animals so intelligent that they identify by sight not 
species only but individuals of a species, the mental changes are 
yet further distinguished in the same three ways. In the 

course of human evolution the law is equally manifested. The 
thoughts of the savage are nothtng like so heterogeneous in their 
kinds as those of the civilized man, whose complex environment 
presents a multiplicity of new phenomena. His mental acts, too, 
are much less involved—he has no words for abstract ideas, and is 
found to be inca|>able of integrating the elements of such ideas. 
And in all but simple matters there is none of that precision in his 
thinking, and that grasping of many linked conceptions, which, 
among civilized men, leads to the exact conclusions of science. 

| 144. How in societies the movements or functions produced 
by the confluence of individual actions, increase in their amounts, 
their multiformities, their precision, and their combination, 
scarcely needs insisting upon after what has been pointed out in 
foregoing chapters. For the sake of symmetry of statement, 
however^ a typical example or two may be set do\$n. 

A* first* the military activities, undifferentiated from the rest 
(all men in primitive societies being avarriors) are relatively homo¬ 
geneous, ill-otftnbincd, and indefinite: savages making a joint 
attack severally,§ght independently, in similar ways, and without 
order. '*Buf as societies evolve, the movements of the thousands 
of soldiers which Replace the tens of warriors are divided and re¬ 
divided in their kinds of movements: here are gunners, there 
infantry, and elsewhere cavalry. Within each of the differentiated 
functions of thfeae bodies there come others: there are distinct 
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actions of privates, sergeants, captains, colonels, generals, as also 
of those who constitute the commissariat and those who attend 
to the wounded. The clustered motions that have thus become 
comparatively heterogeneous in general and in detail, have 
simultaneously increased in precision; so that in. battle, men 
and the regiments formed of them are made to take definite 
positions and perform definite acts at definite times. Once more, 
there has gone on that integration by which the multiform actions 
of an army are directed to a single end. By a co-ordinating 
apparatus having the commander-in-chief for its centre, the 
charges, and halts and retreats are' duly concerted ; and a hundred 
thousand individual motions are united under orte will. 

Again on comparing the rule of a savage chief with that of a 
civilized government, aided by its subordinate local governments 
and their officers, down to the pblice, we see how, as men have 
advanced from tribes of hundreds to nations of millions, the 
regulative action has grown large in amount; how, guided by 
written laws, it has passed from vagueness and irregularity to 
comparative precision; and how it has subdivided into processes 
increasingly multiform. Or after observing how the barter that 
goes on among barbarians differs from our own commercial pro¬ 
cesses, by which a million's worth of commodities is distributed 
daily; by which the relative values of articles immensely varied in 
kinds and qualities are exactly measured, and the supplies adjusted 
to the demands; and bv which industrial activities of all orders 
are am combined that each depends on the rest and aids the rest; 
we see that the kind of movement which constitutes trade, has 
become progressively more vast, more varied, more definite, and 
more integrated. 

§ 145. A finished conception of Evolution thus includes the 
re-distribution of the retained motion, as well &* that of the 
component matter. This added element of the conception is 
scarcely, if at all, less important than the other. The movements 
of the Solar System have a significance equal to that which the 
sizes, forms, and relative distances of its members possess. The 
Earth's geographical and geological structure are not more im¬ 
portant elements in the order of Nature than fcre the motions. 
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regular and irregular, of the water and the air clothing it. And 
of the phenomena presented by an organism, it must be admitted 
that the combined sensible and insensible actions we call, its life 
do not yield in interest {o its structural traits. Leaving out, 
however, all implied reference to the way in wjpeh these two 
orders of facts concern us, it is clear that with each re-distribution 
of matter there necessarily goes a re-distribution of motion; and 
that the unified knowledge constituting Philosophy must com¬ 
prehend both aspects of the transformation. 

Our formula, therefore, needs an additional clause To combine 
this satisfactorily with the clauses as they stand in the last 
chapter is scarcely'practicable; and for convenience of expression 
it will be best tp change their order. On doing this, and making 
the requisite addition, the formula finally stands thus :— Evolution 
is an integration of matter and concomitant dissipation of motion ; 
during which the matter passes from an indefinite , incoherent homo¬ 
geneity to a definite, coherent heterogeneity; and daring 1 which the 
retained motion uwlergtes a parallel transformation. 

[None. Only at the last moment, when this sheet is ready for 
press and all the rest of the volume is standing in type, so that 
new matter cannot Ik* introduced without changing the “ making 
up" throughout the following pages, have I perceived that the 
above formula should Ik* slightly modified. Hence my only practic¬ 
able course is to indicate here the alteration to be made, and to set 
forth the reasons for it in Appendix A. 

The definition of Evolution need* qualifying by introductioif of 
the w’ord “relatively " Ik fore each of its antithetical clauses. The 
statement should Ik that “ the matter passes from a relatively 
indefinite incoherent* homogeneity to a relatively definite, coherent 
heterogeneity. Already this qualification has l>een. indicated in a 
note to § 116 (page if65), but, nufce effectually to exclude mis¬ 
apprehensions?* it must Ik incorporated in the definition. In 
Appendix A ariMiamed the circumstances which led to inadequate 
recognition of it. J 



CHAPTER XVIII 

THE INTERPRETATION OF EVOLUTION 

§ 146. Is this law ultimate or derivative ? t Must we rest 
satisfied with the conclusion that throughout all* classes of con¬ 
crete phenomena such is the course of transformation ? Or is it 
possible for us to ascertain uchy such is the course of transforma¬ 
tion? May we seek for some all-pervading principle which 
underlies this all-pervading process ? Can the inductions set 
forth in the preceding four chapters be reduced to deductions? 

Manifestly this community of result implies community of cause. 
It may be that of the cause no account can be given, further than 
that the Unknowable is manifested to us after this mode. Or, it 
may be that this mode of manifestation is implied by a simpler 
mode, from which these many complex effects follow. Analog#, 
suggests the latter inference. Just as it was possible to interpret 
the* empirical generalizations railed Kepler's laws, as necessary 
consequences of the law of gravitation; so it may be possible to 
interpret the foregoihg empirical generalizations as necessary 
consequences cof some deeper law. 

Unless we succeed in finding a rationale of this universal 
metamorphosis, we obviously fell short of that completely unified 
knowledge constituting Philosophy. As they at‘present stand, 
the several conclusions we have lately reached rppear to lie in¬ 
dependent. * There is no demonstrated connexion “between 
increasing definiteness and increasing ►heterogeneity, or between 
both and increasing integration. Stkl less proof is there that 
these laws of the re-distribution of matter and motion are 
necessarily correlated with those laws of the direction of motion 
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and the rhythm of motion, previously set forth. But until we 
see these now separate truths to be implications of one truth, nur 
knowledge remains imperfectly coherent 

§ 147. The task before • us, then, is that of # exhibiting the 
phenomena of Evolution in synthetic order. Setting out from 
an established ultimate principle, it has to be shown that the 
course of transformation among all kinds of existences cannot but 
be that which we have seen it to be. It has to be shown that the 
re-distribution of matter and motion, must everywhere take place 
in those ways, and produce those traits, which celestial bodies, 
organisms societies, alike display. And it has to be shown that in 
this universality of process, is traceable the same necessity which we 
find in^cach simplest movement around*us, down to the accelerated 
fall of a stone or the recurrent Beat of a harp-string. 

In other words, the phenomena of Evolution have to be deduced 
from the Persistence of Force. As before said—“ to this an 
ultimate analysis brings us down, and on this a rational synthesis 
must build up." 1 This, being the ultimate truth which transcends 
experience by underlying it, furnishes a common basis on which 
the widest generalizations stand ; and hence these widest generaliza¬ 
tions are to be unified by referring them to this common basis. 
Already the truths that there is equivalence among transformed 
. forces , that motion follows the line of least resistance or greatest 
traction and that it is universally rhythmic, we have found to be 
severally deducible from the persistence of force; and this affiliation 
of them on the jjersistenoe of force has reduced them to a coherent 
whole. Here we have similarly to affiliate * the universal traits of 
Evo!uti<yi, by showfng that, given the persistence* of force, the 
re-dy>tribu?ion of Matter and Motion necessarily proceeds in such 
ways as to produce these traits. Dy doing this we shall unite 
them 04 correlative manifestations of one law, at the same time 
that we unite this law’ with the foregoing simpler laws. 

§ 148. Before proceeding it will be well to set down some 
principles that must be borne in mitfd. In interpreting Evolution 
we shall have to consider, under their special forms, the various 
resolutions of fofee or energy which accompany the re-distributions 
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of matter and motion. Let us glance at such resolutions under 
their most general forma 

Any incident force is primarily divisible into its effective and 
non-effective portions. In mechanical impact the entire momentum 
of a striking body is never communicated to the body .struck: even 
under those most favourable conditions in which the striking body 
loses all its sensible motion, there still remains with it some of the 
original momentum under the shape of that insensible motion 
produced among its particles by the collision. Again, of the light 
or heat falling on any mass, a part, more or less considerable, is 
reflected; and only the remaining part works molecular changes in 
the mass. Next it is to be noted that 'the effective force 

is itself divisible into the temporarily effective and t)ie permanently 
effective. The units of an aggregate acted on maV undergp only 
those rhythmical changes of relative position which constitute 
increased vibration; or they may also undergo changes of relative 
position which are not from instant to instant neutralized by 
opposite ones. Of these the first, disappearing in the shape of 
.radiating undulations, leave the molecular arrangement as it 
originally was; while the second conduce to one form of that 
re-arrangement characterizing compound Evolution. Yetfe 

further distinction has to be made. The permanently effective 
force works out changes of relative position of two kinds—the 
insensible and the sensible. The insensible transpositions smono* 
the units are those constituting molecular changes, including what 
we #oll chemical composition and decomposition; and it is these 
which largely constitute the qualitative differences that arise in an 
aggregate. The sensible transpositions are such as result when 
certain of tha» units—molar units as well arf molecular <units— 
instead of being put into different relations with their imme¬ 
diate neighbours, are carried 4 away from them and deposited 
elsewhere. 

Concerning these divisions and subdivisions of any fpree affecting 
an aggregate, the fact which it chiefly concerns us to observe is 
that they are complementary to one • another!’ Of the whole 
incident force, the effective diust be that which remains after 
deducting the non-effective. The two parts of the effective force 
must vary inversely as each other: where much of ft is temporarily 
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effective, little of it can be permanently effective; and vice vend. 
Lastly, the permanently effective force, being expended in working 
both the insensible re-arrangements which constitute molecular 
modification, and the sensible re-arrangements which result in 
structure, must generate of *cither kind an amount that is great or 
"small in proportion as it has generated a small or great amount of 
the other. 



CHAPTER XIX 


THE INSTABILITY OF THE HOMOGENEOUS: EXEMPLIFYING 
INSTABILITY AT LARGE 4 

| 149. The difficulty of dealing with transformations so 
many-sided as those which all existences have undergone, or are 
undergoing, is such as to make a'definite or complete deductive 
interpretation seem almost hopeless. So to grasp the total process 
of re-distribution, as to see simultaneously its several necessary 
results in their actual interdependence, is scarcely possible. There 
is, however, a mode of rendering the process as a whole tolerably 
comprehensible. Though the genesis of the re-arrangement 
undergone by every evolving aggregate is in itself one, it presents 
to our intelligence several factors; and after interpreting the 
effects of each separately, we may, by synthesis of the interpre¬ 
tations, form an adequate conception. 

The proposition which comes first in logical order is that some 
re-arrangement must result; aqd this proposition may be best 
dealt with under the more specific shape, that the condition of 
homogeneity is a condition of unstable equilibrium. 

First, as tq the meanings of the terms, respecting which 
some readers may need explanation. The state of ^ unstable 
equilibrium," so named in mechanics, is well illustrated by a stick 
standing on its lower end, in contrast with the state of stable 
equilibrium of a stick suspended by its upper^end: ‘the one 
instantly losing its equilibrium and the other regaining; it if 
disturbed. But the reader must be warped against confusing the 
instability thus exemplified with the instability here to be treated 

* The idea developed in this chapter originally formed part of an article on 
u Transcendental Physiology," published in 1857. See Etta jfr, voL I. 
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of. The one shown by a stick on end may be called an external 
instability, while that which we have now to consider is an internal 
instability. It is not alleged that a homogeneous aggregate is 
liable because of its homogeneity to be overthrown or deranged 
by an external force. The allegation is that its component parts 
cannot maintain their arrangements unaltered: they must 
forthwith begin to change their relations to one another. Let 
us take a few illustrations. 

Of mechanical ones the most familiar is that of the scales. If 
they be accurately made and not clogged by dirt or rust, it is 
impossible to keep a pair of scales perfectly balanced: eventually 
one scale will desk-end and the other ascend—they will assume a 
heterogeneous ^relation. Could a mass of water be brought into 
a sta^e of jjerfect homogeneity—a state of complete quiescence, 
and exactly equal density throughout—vet the radiation of heat 
from neighbouring bodies, by affecting differently its different parts, 
would inevitably prcxluce inequalities of density and consequent 
currents: and would so render it to that extent heterogeneous. Take 
a piece of ml-ly>t matter, and however evenly heated it may at first 
be, it will quickly cease to lie so : the exterior, cooling faster than 
tlic interior, will become different from it in temperature. And 
the lapse into heterogeneity of temperature, so obvious in this 
extreme case, takes place more or less in the cases of all surround- 
i qp o bjects, which am ever being warmed or cooled. The 

action of chemical forces supplies other illustrations. Expose a 
fragment of metal to air or water, and in course of time it*will 
be coated with a film of oxide, carbonate, or other compound : its 
outer parts will Ixx-otne unlike its inner p&rts. Often the hetero- 
geneity (produced b? the actions of chemical forces an the surfaces 
of masses is not striking, because the changed jiortions are soon 
washed away, or otherwise remotVL But if this be prevented 
comparatively? complex structures result. In some quarries of 
trap-roc£ tSeiw»are striking examples. Not unfrequently a piece 
of trap may be found reduced, by the action of the weather, to 
* number of loostky-adherent coats, like those of an onion. Where 
the block has been undisturbed, wl may trace the whole series of 
these, from the angular, irregular outer one, through successively 
included ones In which the shape becomes gradually rounded. 
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aiding At length in a spherical nucleus. On comparing the original 
mass of stone with this group of concentric coats, each differing 
from the rest in form, and probably in the state of decomposition 
it has arrived at, we get a marked illustration of the multiformity 
to which, in lapse of time, a uniform body may be. brought by 
external chemical action. The instability of the homo¬ 

geneous is equally seen in the changes set up throughout the 
interior of a mass, when it consists of units that are not rigidly 
bound together. The molecules of a slowly-settling precipitate 
do not remain separate, and equably distributed through the fluid 
in which they make their appearance. They aggregate either into 
crystalline grains or into flocculi; and where the mass of fluid is 
great and the process prolonged, these flocculi dq not continue 
equi-distant, but assemble into groups. That is tb say, tijere is 
a destruction of the balance at first* subsisting among the diffused 
particles, and also of the balance at first subsisting among the 
groups into which these particles unite. 

The instability thus variously illustrated is consequent on the 
fact that the several parts of any homogeneous aggregate are 
exposed to different forces—forces which differ either in kind or 
amount; and are of necessity differently modified. The relatioift 
of outside and inside, and of comparative nearness of the parts to 
neighbouring sources of influence, imply the reception of influences 
that are unlike in quantity, or quality, or both: unlike chaqpav 
now temporary now permanent, being caused. 

Far like reasons the process must repeat itself in each of the 
component masses of units that are differentiated by the modifying 
forces. Each of these tninor groups, like the major group, must 
gradually, in obedience to the unlike influences acting or^it, lose 
its balance of parts, and pass from a uniform into a multiform 
state. And so on continudUsly. Whence, indeed, it 

follows that not only mast the homogeneous lapse lAto the non- 
homogeneous, but the more homogeneous musW t$nd ever to 
become less homogeneous. If any given whole, instead of being 
absolutely uniform throughout, consist* of partis distinguishable 
from one another—if each of these parts, while somewhat unlike 
other parts, is uniform within itself; then, each of them being in 
unstable equilibrium, it follows that while the changes set up 
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within it must render it ^multiform, they must at the same time 
render the whole more multiform than before. The general 
principle, now to be followed out in its applications, is thus 
somewhat more comprehensive than the title of the chapter implies. 

No demujTer to the conclusions drawn, can be based on the 
truth that perfect homogeneity nowhere exists; since, whether 
that state with which we commence be or 'be not one of perfect 
homogeneity, the process must equally be towards a relative 
heterogeneity. 

| 150. The stars are distributed with a three-fold irregularity. 
There is first tho marked contrast between the Milky Way and 
other parts of the heavens, in respect of the quantities of stars 
within given visual areas. There are secondary contrasts of like 
kind hi the Milky Wav itself, vfhich has its thick and thin places; 
as well as throughout the celestial spaces in general, which are 
more closely strewn in some regions than in others. And there 
is a third order of contrasts produced by the aggregation of stars 
into small clusters. Besides this heterogeneity in the distribution 
of stars, considered without distinctions of kind, a further hetero¬ 
geneity is disclosed when they are classified bv their differences of 
colour, which answer to differences of physical constitution. While 
yellow stars are found in all parts of the heavens, red and blue 
stars_ are not so: there are wide regions in which both red and 
blue stars are rare; there are regions in which the blue occur in 
considerable numbers, and there .are other regions in which .the 
red are comparatively abundant. Yet one more irregularity of 
like significance is presented by the nebuhe. These are not dis¬ 
persed yith anything like uniformity, but are far ryore numerous 
aropnd the poles of the galactic circle than in the neighbourhood 
of its plane. 

No one will expect that anything like a definite interpretation of 
this structure vafi be given on the hypothesis of Evolution, or any 
other ffypoEhcsia. Such an interpretation would imply some reason¬ 
able assumption «respectiug the pre-existing distribution of the 
stellar matter and of tho matter firming nebulae, and we have no 
warrant for any assumption. If we allow imagination to range 
back through antecedent possibilities and probabilities, we see it to 
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be unlikely that homogeneous matter $lled the space which our 
Sidereal System now fills, at a time immediately preceding its initia¬ 
tion. Rather the evidence which the heavens present implies that 
the distribution out of which the present distribution arose was 
irregular in ail respects. Though certain traits o£ our galaxy 
suggest that it has a vague individuality, and that, along with 
their special motions, Its stars have some general motion; yet the 
evidence forces on us the conclusion that many varieties of changes 
have been simultaneously going on in its different parts. We find 
nebulae in all stages of concentration, star-clusters variously con¬ 
densed, groups of larger stars approximating in different degrees, 
as well as regions like those which the nubecula* Occupy, presenting 
complex structures and apparently active change^. The most 
which can be said respecting this total distribution ft that, subject 
as all parts of our Sidereal System *are to the law of gravitation, 
the heterogeneities it exhibits, everywhere implying a progress¬ 
ing concentration, that is, integration, point backward to a less 
heterogeneous state and point forward to a more heterogeneous 
state. But, leaving aside this too transcendent question, 

we may without undue rashness consider from the evolution {joint 
of view the changes to be anticipated in one of those collections of 
matter described as a diffused nebulosity, or one of those more 
distinct ones of which the outlying parts are comjiarcd to wisps of 
cloud blown about by the wind. The only evolutional 
which can at first be displayed is the primary one of integration— 
the gathering together through mutual attraction of the parts; for 
in this early stage in which indefiniteness and incoherence are so 
fully exemplified, there does not yet exist such an aggregate as is 
capable of exhibiting secondary re-distribution#: we have qpily the 
dispersed components of such an aggregate. Contemplating, then, 
only the process* of integration we may, without asking anything 
about the previous history of an irregular nebula, S&fel^ assume 
that its parts have their respective proper motions ;*/or the chances 
ate infinity to one against a state of rest relatively to one aether. 
Further, the chances are infinity to one against th<Sr proper motions 
being such that during concentration they will cancel one another: 
the motion of some part, or the resultant of the motions of several 
parts, will constitute a proper motion distinct f&m that which 
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mutual gravitation generates—a motion which, unless just counter¬ 
balanced by an opposite one (again an infinite Improbability) will 
generate rotation. It may, indeed, be argued that, apart from 
any pre-existing proper motions of its parts, a nebulous mass, if 
irregular, will acquire rotation while integrating; si nee* each out¬ 
lying fragment, arriving after the rest have been gathered together, 
is infinitely unlikely to fall info the mass in such a manner that 
its motion will be entirely cancelled by resistance; but, falling 
into it so as to be deflected laterally, will have its motion of 
approach so changed in direction as to become in part a motion of 
revolution: a resultant of all such motions, largely conflicting, being 
an eventual rotation of the mass. It must not, however, be 

assumed that this will necessarily be the rotation of a solitary 

• w 

aggregate. The great nebula in Andromeda docs not appear on the 
way to form a single body ; and that in Canes Venaiici is an advanced 
spiral of which the outer parts have a tangential motion too great 
to permit of their being drawn info the centre. Rather the 
apparent implication of the structure is that there will be formed 
a cluster of masses revolving round a common centre of gravity. 
Such cases, joined with those of the annular nebulae, suggest that 
Often the processes of integration result in compound structures, 
various in their kinds, while in other cases, and perhaps most 
frequently, single masses of rotating nebulous matter are formed. 

fOTioring all such possibilities and probabilities, however, and 
limiting our attention to that form of the nebular hypothesis 
which regards the solar system as having resulted from a rotating 
spheroid of diffused substance; let us consider what consequence 
the instability of the homogeneous necessitates. Being oblate in 
figure, unlike in thh densities of its centre and surface, unlike in 
they: temperatures, and probably unlike in the angular velocities 
of its parts, such a mass cannot b£ called homogeneous; and any 
further chan|fes exhibited by it can illustrate the general law only 
as being change from a more homogeneous to a less homogeneous 
state. *Hust noting that one of these changes is the increasing oblate¬ 
ness of form, let us go on to observe those which are to be found in 
the transformations of such of its pdrts as are at first homogeneous 
within themselves. If we accept the conclusion that the equatorial 
portion of this Rotating and contracting spheroid will, at successive 
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stages, have a centrifugal force great enough to prevent nearer 
approach to the centre of rotation, and will so be left behind; we 
shall find, in the fate of the detached ring, an exemplification of the 
principle we are following out. Comistyig of gaseous matter, such a 
ring, even* if uniform at the time of its detachment, could not con¬ 
tinue sou In the absence of equality among the forces, internal and 
external, acting on it, there must be a point or points at which the 
cohesion of its parts would be less than elsewhere—a point or points 
at which rupture would therefore take place. The original assump¬ 
tion was that the ring would rupture at one place only, and would 
then collapse on itself. But this was a more than questionable 
assumption: such, at least, I know to have been Hie opinion of tile 
late Sir John Herschel. So vast a ring, consisting of t matter having 
such feeble cohesion, must break up into many parts.* Nevertheless, 
appeal to another high authority—the late Sir G. B. Airy—yielded 
verification for the belief that the ultimate result which Laplace 
predicted would take place. And here is furnished a further 
illustration of the instability of the homogeneous. For even 
supposing the masses of nebulous matter into which such a ring 
separated, were so much alike in their sizes and distances as to 
attract one another with exactly equal forces (which is infinitely 
improbable); yet the unequal actions of external disturbing forces 
would inevitably destroy their equilibrium—there would be one or 
more points at which adjacent masses would begin to part com pany^ 
Separation, once commenced, would with accelerating speed lead to 
a grouping of the masses. A like result would eventually take 
place with the groups thus formed; until they at length aggregated 
into a single mass. 

§ 151. Already so many references have been made to 4he 
formation of a crust over the originally incandescent Earth, that it 
may be thought superfluous again to name it. It has‘dot, Jiowever, 
been thus far considered in connexion with the gaaegal principle 
under discussion. Here it must be noted as a necessary ^conse¬ 
quence of the instability of the homogeneous. Id this cooling and 
solidification of the Earth's surihee, we have one of the simplest, as 
well as one of the most important, instances of that change from a 
uniform to a multiform state which occurs in any mass through 
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e xp o s u re of its component parts to unlike conditions. To 

the differentiation of the Earth's exterior from its interior, thus 
brought about, we must add one of the most conspicuous differ¬ 
entiations which the exterior itself afterwards undergoes, as being 
similarly brought about fl’ere the forces to which the surface of 
the Earth Is subject alike in all directions, there would be no 
reason why certain of its parts should become permanently unlike 
the rest But being unequally exposed to the chief external centre 
of force—the Sun—its main divisions become unequally modified. 
While the crust thickens and cools, there arises that contrast, now 
so derided, between the polar and equatorial regions. 

Along with thcae most marked physical differentiations of the 
Earth, there have been going on numerous chemical differentiations, 
admitting of similar interpretation. Leaving aside all speculations 
concerning the origin of the ad-called simple substances, it will 
suffice to show how, in place of that comparative homogeneity of 
the Earth's crust, chemically considered, which must have existed 
when its temperature was high, there has arisen, during its cooling, 
an increasing chemical heterogeneity. Let us contemplate this 
change somewhat in detaiL At an extreme heat the bodies 

we call elements cannot combine. Even under such heat as can be 
generated m-tificially some very strong affinities yield; and the 
great majority of chemical compounds are decomposed at much 
lower temperatures. Probably, therefore, when the Earth was in 
its firat state of incandescence, there were no chemical combinations. 
But without drawing this inference, let us set out with the unq‘>es- 
tionable fact that the compounds which can exist at the highest 
temperatures, and which must therefore have been the first formed 
as the Eprth cooled,"‘are those of the simplest constitutions. The 
protoxides (including under that head the alkalies, earths, Ac.) are, 
as a class, the most stable compounds known—the least changeable 
by beat. These, consisting severally of one atom of each com¬ 
ponent element, are but one degree less homogeneous than the 
elements themselves. More heterogeneous than these, more decom¬ 
posable by heat, and therefore later in the Earth's history, are the 
deutoxides, tritoxides, peroxides, Ac.’; in which two, three, four, or 
more atoms of oxygen are united with one atom of metal or other 
base. Still less Able to resist heat are the salts, which present us 
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with compound atoms each made up of five, six, seven, eight, ten, 
twelve, or mote atoms, of three or more kinds. Then there are 
the hydrated salts of a yet greater heterogeneity, which undergo 
partial decomposition at much lower temperatures. After them 
come the further-complicated supernalte; and double salts, having a 
stability again decreased; and so throughout. After making a 
few unimportant qualifications demanded by peculiar affinities, it 
may be asserted as a general law of these inorganic combinations 
that, other things equal, the stability decreases as the complexity 
increases. When we pass to the compounds which make 

up organic bodies, we find this general law further exemplified: we 
find much greater complexity and much less stability. A molecule 
of albumen, for instance, consists of more than two hundred ulti¬ 
mate units of five different kinds. According to thft latest analyses 
it contains in each molecule, 72 6f carbon, 18 of nitrogen, 1 of 
sulphur, 112 of hydrogen, and 22 of oxygen—in all, 225 atoms; or, 
more strictly speaking, equivalenta Ami this sulist&nce is so 
unstable as to decompose at quite moderate temperatures ; as that 
to which the outside of a joint of roasting meat is exposed. Pos¬ 
sibly it will be objected that some inorganic compounds, as 
phosphuretted hydrogen, chloride of nitrogen, and the nitrogen- 
explosives in general, are more decomposable than rtiost organic 
compounds. This is true. But the admission may be made without 
damage to the argument The proposition is not that all simple 
combinations are more stable than all complex ones. To establish 
ou*inference it is necessary onljfc to show that, as an average fad , 
the simple combinations can exist at a higher temperature than 
the complex onea A’nd this is beyond question. Thus it is 
manifest that*the present chemical heterogeneity of the # Earth’s 
surface, and of the bodies upon it, has arisen by degrees a% the 
decrease of heat has permitted; and that it has shown itself in 
three forms:—first, in the multiplication of chemicd) compounds; 
second, in the greater number of different elem$p£s 'contained in 
the more modern of these compounds; and third, in the higher 
and more varied multiples in which these more numerous elements 
combine. 

Without specifying them, it will suffice just to name the 
meteorologic processes eventually set up in the EaRh'a atmosphere, 
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as farther illustrating the alleged law. They equally display that 
destruction of a homogeneous state which results from unequal 
exposure to incident forces. 

§ 152. Take a mass of "unorganized but organiz&ble matter— 
'either the body of one of the lowest living forms, or the germ of 
one of the higher: both comparatively homogeneous. Consider 
its circumstances. Either it is immersed in water or air or is 
contained within a parent organism. Wherever placed, however, 
its outer and inner parts stand differently related to surrounding 
agencies—nutriment, oxygen, Ind the various stimuli. But this 
is not all. Whether it lies quiescent at the bottom of a pool or 
on the leaf of a plant; whether it moves through the water pre¬ 
serving some definite attitude; or whether it is in the inside of an 
adult* it equally happens that certain parts of its surface are 
more exposed to surrounding agencies than other ports—in some 
cases more exposed to light, heat, or oxygen, and in other cases to 
the maternal tissues and their contents. Hence must follow the loss 
of its original equilibrium. This may take place in one of two 
ways. Either the disturbing forces may be such as to over-balance 
the affinities of the organic elements, and there results decomposition; 
or, as ordinarily occurs, such changes are induced as do not destroy 
the organic com|>ounds but only modify them : the parts most 
exposed to the modifying forces being most modified. To elucidate 
this a few cases are required. 

Observe first what appear to he exceptions. Certain minute 
animal forms present either no appreciable differentiations or 
differentiations so obscure as to be made out with great difficulty. 
Concerting these fdrms, however, note the fact th#t in all cases 
(soipe say In nearly all) the presence of a nucleus shows conformity 
to the general law, since it implics*a contrast befween the inner¬ 
most protopkesm and the protoplasm surrounding it. But let us 
pass on \o th« seemingly exceptional fact that the surrounding 
protoplasm* does not exhibit the kind of differentiation between 
inner and outer above alleged. To this objection, there imme¬ 
diately presents itself the answer that this homogeneous body- 
substance does not become heterogeneous because its parts are not 
subject to any permanent heterogeneity of conditions: it has no 
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fixed surface. In all members of the lowest group, ProUomyxts, 
the protoplasm continually ptotrudes itself, now in thicker now in 
thinner processes—pseudopodia; proved to have no limiting 
membranes by often coalescing. These^when they touch fragments 
of nutriment, contract and draw them into the mass of the body • 
so that what was just before external now becomes internal. Thus* 
there are no fixed relations of parts and therefore no differ- 
entiations. And it is noteworthy that in certain of the Jnuxbct t 
less excursive than others of the type in the movements of their 
substance, we see an incipient differentiation: sometimes there is 
an investing film, “delicate and evanescent,'* implying that an 
outer part, which is for a short time stationary* begins to be 
differentiated. Perceiving, then, that this apparent exception 

is in fact a verification, we go on to observe that permanent 
relations of inner and outer are followed by }>ermanent differ¬ 
entiations. Elsewhere (Essays, i, 439) 1 have quoted from Sachs 
various proofs that a portion' of protoplasm, whether normally de¬ 
tached, as in a spore, or abnormally detached, as by a rupture, 
forthwith becoming globular, at once acquires a surface denser 
than the interior; and Keroer similarly describes the protoplasm 
of a zoospore as “ fixing itself and putting on a delicate ccil-wolL" 
These cases, joined with those of various Protozoa which, ceasing 
their active changes of form, pass into a resting stage and become 
enclosed in a cyst, and joined with the cases of Protophyta^ like 
Sphtrrella nivalis or “ Red Snow,” which, in its young stage ovoid, 
flagellate, locomotive, and secreting a skin, presently passes into 
a resting stage and becomes spherical and covered by a substantial 
cell-membrane, yield clear evidence that in these lowest types there 
is a lapse frorma more homogeneous state into a less homogeneous 
state. And throughout the higher Protozoa and Protophyla, the 
primary contrast is between cell-membrane and cell-contents— 
between the part exposed to environing forces ahd the part 
sheltered from them. 

The transition—the most important transition which the organic 
world presents—between the simple forms above exemplified and 
those compound forms in which a number of such are united into 
a colony, is well seen in certain minute algae, Pandorina and 
Eudorina . each being a spherically-arranged colofiy of sixteen or 
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thirty-two members. In this first advance from unicellular types 
to multicellular types we find conformity to the general law in so 
far that the hollow sphere conspicuously displays the primary 
contrast between outer and inner: a primitive amorphous cluster 
has undergone a marked differentiation of parts corresponding to 
the difference of conditions. Still more instructive is the evidence 
furnished by types slightly in advance of these —Pleodorina and 
Vail'dx; the first consisting of some 128 cells and the second of 
10,000 or more. Hollow spheres like the foregoing, they present 
in common the significant trait that, revolving, as they do, on a 
constant axis and moving forward approximately in the line of 
that axis, their tw3 ends are exposed to slightly different conditions, 
and the primitive homogeneity of the members of the colony has, 
in consequence, lapsed into an # appropriate heterogeneity. These 
ciliated alga-cells, whether living singly or joined into groups, 
severally have a minute red speck which is proved to be sensitive 
to light, and causes motion towards it. Now in these compound 
forms just named, the eye-spots are more developed in those cells 
forming the anterior {>art of the spherical colony—cells which also 
carry on more actively the nutritive function; while those cells 
which form the posterior port of the sphere, and carry on the 
reproductive function, have smaller eye-spots. On passing 

to the anium! kingdom (which at its root is so little differentiated 
from he vegetal kingdom that there are unsettled disputes respect¬ 
ing the inclusion of the lowest forms in the one or the other) we 
meet with parallel illustrations. The nucleated cell, which is^he 
common starting point for all organisms, animal and vegetal, 
presents us as beforf with the primary contrast between inner and 
outer. *A^id as in the multi-cellular plants so in th^ multi-cellular 
animals, a like primary contrast is forthwith repealed in the initial 
clusters of cells. Produced by the repeated fissions of the primitive 
germ-celj, cjjtch such cluster presently forms itself into a hollow 
sphere: th«i‘Ch»vage cavity” being manifestly homologous with 
the cavity of the Ib/rox-sphere.* In simple types of Metazoa , as 

* I may remark in passing that in the ode case (and possibly by inheritance 
in the other) this formation of a hollow sphere is the result of the more rapid 
growth of the out#r parts than the inner parts of a solid group. Being 
dependent for nutrition on light and carbon-dioxide in the water, the outside 
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the hydroid polyps, the blaatuia being thus established in con¬ 
formity with the primary contrast of conditions, there presently 
begins a secondary differentiation which, like that we have seen 
in the Yolvox but in a more pronounced manner, answers to the 
secondary contrast of conditions; for this spherical assemblage of 
cells becomes ovoid, and bv the aid of its cilia moves through the 
water broad end foremost: the lapse from homogeneity of form 
being in some cases made more pronounced bv the assumption of a 
sausage-shape. Simultaneously the component cells of the two ends 
become unlike in character. A far more marked differentiation, or 
lapse into greater heterogeneity, is seen when this single-layered 
spheroid of ciliated cells is changed into a double-layered spheroid 
by introversion of one side : & sack with the mouth, sewn up and 
the bottom thrust in as far as it will go, serving to illustrate tiie 
relations of parts. Hence results Che gaxtrtda with its ectoderm 
and endoderro ; severally playing contrasted parts in subsequent 
development So that at successive stages there is repeated this 
rise of a contrast of structures answering to a contrast of conditions 
—that which occurs in the simple cell, that which occurs in the 
hollow sphere of such cells, and that which occurs in the double- 
walled sphere. 

Illustrations presenting the law under another aspect^—one from 
each organic kingdom—are instructive. The ciliated germ or 
planula of a Zoophyte which, during its locomotive stage, indis¬ 
tinguishable only into outer and inner tissues, no sooner becomes 
fixtSl than its upper end begins to assume a different structure 
from its lower. The disc-shaped grmrrur of the Marchantia, 
originally alike on bot*h surfaces, and falling at random with 

t* 

component! of a Volvoz (either the ceils or the chlorophyll in each 'cell) have a 
great advantage ove! the cell* or portions of cells which are more centrally placed ; 
and it needs but to consider what happens if the periphery of ^sphere increases 
at a proportionately greater rate than its contents to see that }t npwt either 
leave the contents behind or draw them after it and bpcdiqe hollow. An 
analogous effect of excessive peripheral growth may occasionally be seen 
exemplified when, after a dry fit daring which potatoes hare not grown much, 
there comes rain and a rapid increasr: of bulk : this being the explanation of 
the fact that in very huge potatoes there is not uncommonly a split in the 
interior, caused by the strain which the disproportionate growth of the 
periphery nmwarily causes. 
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either side uppermost, immediately begin to develop rootlets on 
their under sides and stomata on their upper sides: a fact proving 
beyond question, that this primary differentiation is determined 
by this fundamental contrast of conditions. 

Of course in the germs of higher organisms, the metamorphoses 
immediately due to the instability of the homogeneous, are soon 
masked by those due to the assumption of the hereditary type. 
Even in the early stages above described there are to be traced 
modifications thus originating. Even before the primary cell' 
multiplication begins, there is said to be an observable distinction 
between the two poles of the egg-cell, foreshadowing the different 
germ-layers. OfVourse as development progresses assumption of 
the transmitted type of structure quickly obscures these primary 
lapses front Homogeneity; though for some time the fundamental 
relations of inner and outer art recognizable in the differentiations. 
But what has been said suffices to establish the alleged general 
truth. It is enough that incipient organisms, setting out from 
relatively homogeneous arrangements, forthwith begin to fall into 
relatively heterogeneous ones. It is enough that the most con¬ 
spicuous differentiations which they display, correspond to the 
toiost marked differences of conditions to which their parts are 
subject. It is enough that the habitual contrast between outside 
and inside, which we know is produced in inorganic masses by 
unlijteness of exposure to incident forces, is paralleled by the first 
contrast which makes its appearance in all organic masses. 

It remains to {mint out that* in the assemblage of organisms 
constituting a species, the principle enunciated is no less traceable. 
We have abundant materials for the induction that each species 
will net remain uniform—is ever becoming to some extent multi¬ 
font! ; and there is ground for the deduction that this lapse from 
homogeneity to heterogeneity is “caused by the subjection of its 
members tA* unlike circumstances. Tending ever to spread from 
its origmafjh&ltytat into adjacent habitats, each species must have 
its peripheral parts subject to sets of forces unlike those to which 
its central parts ^.re subject, and so must tend to have its peripheral 
members made different from its central members. 

§ 153. Among mental phenomena full establishment of the 
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alleged law would involve an analysis too extensive for the occasion. 
To show satisfactorily how states of consciousness, relatively 
homogeneous, become heterogeneous through differences in the 
changes wrought by different external forces, would require us to 
trace out the organization of early experiences. Without here 
attempting this it must suffice to set down the conclusions to 
be drawn. 

The development of intelligence is, under one of its chief aspects, 
a classifying of the unlike things previously confounded together— 
a formation of sub-classes and sub-sub-classes, until the once 
confused aggregate of objects knowfi, is resolved into an aggregate 
which unites great heterogeneity among its (multiplied groups, 
with complete homogeneity among the memliers of each group. 
On following, through ascending grades of creatures, tha genesis 
of that vast structure of knowledge*acquired bv sight, we see that 
in the first stage, where eye-specks suffice only for discriminating 
light from darkness, there can be no classifications of objects seen, 
save those based on the manner in which light is olw true ted, 
and the degree in which it is obstructed. By such undeveloped 
visual organs, the shadows perceived would be merely distinguished 
into those of the stationary objects which the creature passed 
during its own movements, and those of the moving objects 
which came near while it was at rest; so that the extremely 
general classification of visible things into stationary and moving, 
would be the earliest formed. A kindred step follows. While 
the simplest eyes cannot distinguish between an obstruction 
of light caused by a small object close to, and an obstruction 
caused by a large objeet at some distance, eyes a little more 
developed can distinguish them; whence mufet result a^ vague 
differentiation of the class of moving objects into the nearer and the 
more remote. Farther developments which make possible a better 
estimation of distances by adjustment of the optic axes, and those 
which, through enlargement and subdivision of the* rCtink, make 
possible the discrimination of shapes, must give greater'definiteness 
to the classes already formed, and subdivide these into smaller 
classes, consisting of objects less unlike. In every infant may be 
traced the analogous transformation of a confused aggregate of 
impressions of surrounding things, not recognized*a* differing in 
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their distances, sizes, and shapes, into separate classes of things 
unlike one another in these and various other respects. And in 
both cases the change from this first indefinite, incoherent and 
comparatively homogeneous consciousness, to a definite, coherent, 
and heterogeneous one, is. due to differences in the actions of 
incident forces on the organism. These brief indications 

must suffice. Probably they will give adequate clue to an argument 
by which each reader may satisfy himself that the course of mental 
evolution offers no exception to the general law. In further aid 
of such an argument, I will here add an illustration which is 
comprehensible apart from the process of mental evolution as 
a whole. 

It has been remarked (I am told by Coleridge) that with the 
advance *of language, words which were originally alike in their 
meanings acquire unlike meanings—a change he expressed by the 
formidable word “ desynonymization." Among indigenous words 
this lews of equivalence cannot be clearly shown; because in them 
the divergences of meaning began before the dawn of literature. 
But among words that have been coined, or adopted from other 
languages, since the writing of books commenced, it is demonstrable. 
By the old divines, mitt'reani was used in its etymological sense of 
unbeliever? but in modern speech it has entirely lost this sense. 
Similarly with evil-doer and malefactor. Exactly synonymous as 
these are bv derivation, they are no longer svnonvmous by usage. 
By a malefactor we now understand a convicted criminal, which is 
far from being the acceptation />f nil-doer. The verb prepuce 
bears in Euclid its primary meaning—to prolong or draw out ; but 
the now largely-developed meanings o (•proiluce, have little in 
commqn with the Jneanings of prolong , or draw out. 0 In the Church 
of JEnglahd liturgy an odd effect now results from the occurrence 
of prevent in its original sense-*-#© come before, instead of its 
modern specialized sense— to come before with the effect of arresting. 
But th? mbsfc conclusive cases are those in which the contrasted 
words consist of the same parts differently combined, as in go under 
and undergo. We go under a tree, and we utulergo a pain. But 
though, if analytically consideredf the meanings of these expres¬ 
sions would be the same were the words transposed, habit has so 
far modified tlffeir meanings that we could not without absurdity 
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speak of undergoing a tree and going under a pain. Many 

such instances show that between two words which are originally 
of like force, an equilibrium cannot be maintained. Unless they 
are daily used in exactly equal degrees, t in exactly similar relations 
(which is infinitely improbable), there .necessarily arises a habit of 
associating one rather than the other with particular acts, or 
objects. Such a habit once commenced, becomes confirmed; and 
gradually their homogeneity of meaning disappears. 

Should any difficulty be felt in understanding how these mental 
changes exemplify a law of physical transformations that are 
wrought by physical forces, it will disappear on contemplating acts 
of mind as nervous functions. It will be seeir that each loss of 
equilibrium above instanced, is a loss of functional equality between 
some two elements of the nervous system. And It wiU be seen 
that, as in other cases, this lass of functional equality is due to 
differences in the incidence of forces. 

§ 154. Masses of men, in common with all other masses, show 
a like proclivity similarly caused. Small combinations and large 
societies equally manifest it; and in the one, as in the other, both 
governmental and industrial differentiations are initiated by it. 
Let us glance at the facts under these heads. 

A business-partnership, balanced as the authorities of its members 
may theoretically be, presently becomes a union in whicl^ the 
authority of one partner is tacitly recognized as greater than that 
of (b e other or others. Though Ahe shareholders have given equal 
powers to the directors of their company, inequalities of power soon 
arise among them; and *often the supremacy of some one director 
grows so markqd, that his decisions determine tlie course which the 
board takes. Nor in associations for political, charitable, literary, 
or other purposes, do we fail *to find a like process of division 
into dominant and subordinate parties; each having its leader, 
its members of less influence, and its mass pf» uninftuential 
members. These minor instances in which unorganized 

groups of men, standing in homogeneous .relations* may be watched 
gradually passing into organized groups of men standing in hetero¬ 
geneous relations, give us the key to social inequalities. Barbarous 
and civilized communities are alike characterized by*separation into 
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classes, as well as by separation of each class into more important 
and less important units; and this structure is the gradually- 
consolidated result of a process like that daily exemplified in trad¬ 
ing and other combinations. So long as men are constituted to 
act on one another, either byphysical force or by force of character, 
the struggles for supremacy must finally be decided in favour of 
some class or some one; and the difference once commenced must 
tend to become ever more marked. Its unstable equilibrium being 
destroyed, the uniform must gravitate with increasing rapidity into 
the multiform. And so supremacy and subordination must estab¬ 
lish themselves, as we see they do, throughout the whole structure 
of a society, fromHhe great class-divisions pervading its entire 
body, down tew village cliques, and even down to every posse of 
school-Jbofs. * Proliahlv it will be objected that such 

changes result, not from the homogeneity of the original aggrega¬ 
tions, but from their non-homogeneity—from certain slight 
differences existing among their units at the outset. This is 
doubtless the proximate cause. In strictness, such changes must 
be regarded as transformations of the relatively homogeneous 
into the relatively heterogeneous. But an aggregation of men 
absolutely alike in their endowments would eventually undergo a 
similar transformation. For in the absence of uniformity in the 
lives severally led by them—in their occupations, physical con¬ 
ditions, domestic relations, and trains of thought and feeling— 
there must arise differences among them; and these must eventu¬ 
ally initiate social differentiations? Even inequalities of health 
caused by accidents will, by entailing inequalities of physical 
and mental power, t disturb the exact balance of mutual influences 
among the. units; and the balance once disturbed vHll inevitably 
be last. 

Turning to # the industrial organization, and noting that its 
division ijptoRegulative and operative is primarily determined, like 
the preceding. Bjylifferences of power (toraen and slaves being the 
first working classes); admitting, too, that even among savages 
some small specializations Arise from individual aptitudes; we go 
on to observe that the large industrial divisions into which societies 
gravitate are duetto unlikenesses of external circumstances. Such 
divisions are absent until such unlikenesses are established. Nomadic 
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tribes do not permanently expose any groups of their members to 
special local conditions; nor does a stationary tribe, when occupying 
only a small area, maintain from generation to generation marked 
contrasts in the local conditions of its members; and in such tribes 
there are no decided economic differentiations. But a community 
which, by conquest or otherwise, has overspread a large tract, and 
has become so far settled that its members live and die in their 
respective districts, keeps its several sections in different circum¬ 
stances ; and then they no longer remain alike in their occupations. 
Those who live dispersed continue to hunt or cultivate the earth; 
those who spread to the sea-shore fall into maritime occupations; 
while the inhabitants of some spot chosen, perhaps for its cen¬ 
trality, as one of periodic assemblage, become trades, and a town 
springs up. In the adaptations of these sociaT units t$> their 
respective functions, we see a progress from uniformity to multi¬ 
formity caused by unlike incidence of forces. Later in the process 
of social evolution these local adaptations are greatly multiplied. 
Differences in soil and climate, cause the rural inhabitants in dif¬ 
ferent parts of the kingdom to have their occupations partially 
specialized, and to become known as chiefly producing cattle, or 
sheep, or wheat, or oats, or hops, or fruit. People living where 
coal fields are discovered are transformed into colliers ;* Cornishmen 
take to mining because Cornwall is metalliferous; and iron 
manufacture is the dominant industry where iron-stone is plentiful. 
Liverpool has taken to importing cotton, because of its proximity 
\/f the district where cotton goods are made; and for analogous 
reasons Hull has become the chief port at which foreign wools are 
brought in. Thus in general and in detajl, industrial hetero¬ 
geneities of the social organism primarily depend on local influences. 
Those division^ of labour which, under another aspect, were inter¬ 
preted as due to the setting up of motion in the directions of least 
resistance (§ 80), are here interpreted as due to difterenges in the 
incident forces; and the two interpretations aijs tjpite consistent 
with each other. For that which in each case determines the 
direction of least resistance is the distribution df the forces to be 
overcome; and hence uni ik^ nesses of distribution in separate 
localities entails unlikenesses in the lines of human actions in those 
localities—entails industrial differentiations* 
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§ 155. It Has still to be shown that this general truth is demon* 
strable a priori —that the instability of the homogeneous is a 
corollary from the persistence of force. Already this has been 
tacitly implied, but here it, will be proper to expand the tacit 
implication igto definite proof. 

On striking a mass of matter with such force as either to indent it 
or make it fly to pieces, we see both that the blow affects differently 
its different parts, and that the differences are consequent on the 
unlike relations of its parts to the force impressed. The part struck 
is driven in towards the centre of the mass. It thus compresses, 
and tends to displace, the more centrally situated portions. These, 
however, cannot be {om pressed or thrust out of their places without 
pressing on surrounding portions. And when the blow is violent 
,enough to fracture the mass, we see, in the radial dispersion of the 
fragments, that the original momentum has been divided into 
numerous minor momenta, unlike in their directions. We see that 
the parts are differently affected by the disruptive force, because 
they are differently related to it in their directions and attach¬ 
ments—that the effects being the joint products of the force 
and the conditions, cannot lx* alike in parts which are differently 
conditioned. A hotly on which radiant heat is falling, 

exemplifies this truth still more clearly. Take the simplest case— 
that of a sphere. While the part nearest to the radiating centre 
>receives the rays at right angles, the rays strike the other parts of 
the exposed side at all angles from 90 5 down to 0°. The molecular 
vibrations, propignted through tha mass from the surface which 
receives the heat, proceed inwards at angles differing for each point. 
Further, the interid^ parts reached by the Vibrations proceeding 
from all points of the heated side must be dissimilarly affected in 
proptytion As their positions are dissimilar. So that whether they 
be on the recipient area, in the in kid ft;, or at the remote side, the 
constituent molecules are thrown into states of vibration more or 
less unlike*onf another. 

But now, wlfat is the ultimate meaning of the conclusion that a 
force produces different changes throughout a uniform mass, because 
the parts of the mass stand in different relations to the force 
Fully to understand this, we must contemplate each part as simul¬ 
taneously subject to other forces—those of gravitation, of cohesion, 
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of molecular motion, Ac. The effect wrought by an additional 
force, must be a resultant of it and the forces already in action. 
If the forces already in action on two parts of any aggregate are 
different in their resultant directions,.the effects produced on these 
two parts by equal additional forces must be different in their 
directions. Why must they be different ? Because such unlikeness 
as exists between the two sets of factors is made by the presence 
in the one of some specially-directed force that is not present in 
the other; and that this force will produce an effect, rendering the 
total result in the one case unlike^that in the other, is a necessary 
corollary from the persistence of force. Still more manifest 

does it become that the dissimilarly-placed parts of any aggregate 
must be dissimilarly modified by an incident forpe, when we re¬ 
member that the quantities of the incident force fb which they are* 
severally subject, ore not equal, is above supposed, but are nearly 
always unequal. Look again at the above examples. The amounts 
of any external radiant force, which the different parts of an 
aggregate receive, are widely contrasted: we have the contrast 
between the quantity falling on the side next the radiating centre, 
and the quantity, or rather no quantity, falling on the opposite 
side; we have contrasts in the quantities received by differently- 
placed areas on the exposed side; and we have endless contrasts 
between the quantities received by the various parts of the interior. 
Similarly when mechanical force is expended on any aggregate,* 
either by collision, continued pressure, or tension, the amounts of 
strain distributed throughout* the mass are manifestly unlike for 
unlike positions. And it is obvious that ordinary chemical action 
affects surface more than centre, and often qne part of the surface 
more than another. But to say the different parts of ansaggregate 
receive different quantities of any force capable of changing «them, 
is to say that if they were before homogeneous they must be rendered 
to a proportionate extent heterogeneous; since, fdree Jjeing per¬ 
sistent, the different quantities of it falling Oij the different 
parts, must work in them different quantities of effect—different 
changes. Yet one more kindred deduction is required to. 

complete the argument. Evdh apart from the action of any external 
force, the equilibrium of a homogeneous aggregate must be destroyed 
by the unequal actions of its parts on one another. That mutual 
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influence which produces aggregation (not to mention other mutual 
influences) must work different effects on the different parts; since 
they are severally exposed to it in unlike amounts and directions. 
This will be clearly seen on remembering that the portions of 
which the whole is made up <may be severally regarded as minor 
wholes; that on each of these minor wholes the action of the entire 
aggregate then becomes an external incident force; that such 
external incident force must, as above shown, work unlike changes 
in the parts of anv such minor whole; and that if the minor wholes 
are severally thus rendered heterogeneous, the entire aggregate is 
rendered heterogeneous. 

The instability of*the homogeneous is thus deducible from that 
primordial tru^h which underlies our intelligence. One stable 
homogeneity only is hypothetically possible. If centres of force, 
absolutely uniform in their powers, were diffused with absolute 
uniformity through unlimited space, they would remain in equi¬ 
librium. This however, though a verlwillv intelligible supposition, is 
one that cannot lie represented in thought; since unlimited space 
is inconceivable. But all finite forms of the homogeneous—all 
forms of it which we can know or conceive, must inevitably lapse 
into heterogeneity; and the less heterogeneous must lapse into 
the more heterogeneous. In three several ways does the persistence of 
force necessitate this. Setting external agencies aside, each unit 
of a homogeneous whole must be differently affected from any of 
the rest by the aggregate action of the rest upon it. The resultant 
force exercised by the aggregate on 'each unit, being in no two ct-L.es 
alike in both amount and direction, and usually not in either, any 
incident force, even # if uniform in amount‘and direction, cannot 
produce like effects on the units. And as the various positions of 
the parts in relation to any incident force prevent them from 
receiving it in uniform amounts and directions, a further difference 
in the effects wrought on them inevitably arises. 

One further remark is needed. The conclusion that the changes 
with which Evolution commences , are thus necessitated, lias to be 
supplemented by the conclusion that these changes must continue. 
The absolutely homogeneous (supposing it to exist) must lose its 
equilibrium; and the relatively homogeneous must lapse into the 
relatively less homogeneous. That which is true of any total mass, 
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is true of the parts into which it segregates. The uniformity of 
each such pert must as inevitably be lost in multiformity, as was 
that of the original whole; and for like reasons. And thus the 
continued changes characterizing Evolution, in so far as they are 
constituted by the lapse of the homogeneous into* the hetero* 
geneous, and of the less heterogeneous into the more heterogeneous, 
are necessary consequences of the persistence of force. * 

[A small change in the definition of Evolution indicated in a 
note at the end of Chapter XVII of this part, must be recalled as 
involving a correlative change in this chapter. Merc, as before, 
the required change, though already impluftl (page 329), has 
not been sufficiently emphasized, and lack of* the emphasis 
invites misinterpretation. For reasons like those t»efore*giv. i n, the 
requisite explanations cannot be made in this place. The reader 
will find them in Appendix A. 

Replies to certain criticisms on the general doctrine set forth in 
this chapter will be found in Appendix C.] 



CHAPTER XX 


THE MULTIPLICATION OF EFFECTS 

§ 156. To the Cpfi.se of increasing complexity set forth in the 
hist chapter, we have in this chapter to add another. Though 
secondary .in order of time, it is scarcely secondary* in order of 
importance. Even in the absence of the cause already assigned, 
it would necessitate a change from the homogeneous to the hetero- 
gerfeous ; and joined with it, it makes this change both more rapid 
and more involved. To come in sight of it we have but to pursue 
a step further that conflict between force and matter already 
delineated. I>ct us do this. 

As already shown, when the components of a uniform aggregate 
are subject to a uniform force, they, being differently conditioned, 
are differently modified. Rut while we have contemplated the 
various parts of the aggregate as undergoing unlike changes, we 
have not yet contemplated the unlike changes simultaneously 
produced on the various parts of the incident force. These mu^i 
be as numerous as the others. In differentiating the parts on which 
it fails in unlike ways, the incident force must itself be correspond¬ 
ingly differentiated. * Instead of being as before, a uniform force, 
it must thereafter be a multiform force—a group of dissimilar 
forces. A few illustrations will makH this truth manifest 

In the case,*hitelv cited, of a IhkIv shattered bv violent collision, 
besides tli& change of the homogeneous mass into a heterogeneous 
group of scattered’'fragments, there is a change of the homogeneous 
momentum into a' group of momenta, heterogeneous in both 
amounts and directions. Similarly ’with the forces we know as 
light and heat After the dispersion of these by a radiating body 
towards ail points; they are re-dispersed towards all points by the 
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bodies on which they fall Of the Sun's rays, issuing from him on 
every side, some few strike the Moon. Reflected at all angles from 
the Moon's surface, some few of these strike the Earth. By a like 
process the few which reach the Earth are again diffused: some 
into space, some from object to object. And on each occasion, 
such portions of the rap as are transmitted instead of reflected, 
undergo refractions or other changes which equally destroy their 
uniformity. More than this is true. By conflict with 

matter a uniform force is in part changed into forces differing in 
their directions, and is in part changed into forces differing in 
their kinds. Whoa one body is struck against another, that 
which we usually regard as the effect, is a change of position or 
motion in one or both bodies. But this is a verv incomplete view 
of the matter. Besides the visible mechanical result, sound is 
produced—a vibration in one or both bodies and in the surrounding 
air; and under some circumstances we call this the effect. More¬ 
over, the air has not simply been made to vibrate; it has had 
currents raised in it by the transit of the bodies. Further, if there 
is not that great structural change which we call fracture, there is a 
disarrangement of the particles of the two bodies around their point 
of collision ; amounting in some cases to a visible condensation. Yet 
more, this condensation is accompanied by genesis of heat. In some 
cases a spark—that is, light—results from the incandescence of 
a portion struck off. Thus bv the original mechanical force 
expended in the collision, at least five kinds of forces have been 
produced. Take, again, the lighting of a candle. 

Primarily, this is a chemical change consequent on a rise of tem¬ 
perature. The process of combination having of.ee been set going by 
extraneous haat, there is a continued formation of carbon, dioxide, 
water, &c. Along with this process of combination* therq is a 
production of heat; there is*a production of light; there is an 
ascending column of hot gases generated; there'are currents 
caused in the surrounding air. Nor does the decorepOsitibn of one 
force into many forces end here. Each of the several changes 
worked becomes the parent of further changes. The carbon dioxide 
formed will eventually combine with some base; or under the 
Influence of sunshine give up its carbon to the leaf of a plant. 
Hie water will modify the hygrometric state of the air around; 
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or, If the current of hot gases containing it comes against a cold 
body, will be condensed: altering the temperature, and perhaps 
the chemical state, of the surface it covers. The heat given out 
melts the subjacent tallow and expands whatever else it warms. 
The light, falling on various substances, calls forth from them re> 
actions by which it is decomposed, and divers colours are thus 
produced.* Similarly with these secondary actions, which may be 
traced out into ever-ntyiltiplying ramifications, until they become t6o 
minute to l* appreciated. Universally, then, the effect 

is more complex than the cause. Whether the aggregate on which 
it falls be homogeneous or otherwise, an incident force is trans¬ 
formed by the confl^t into a number of forces that differ in their 
amounts, or directions, or kinds; or in all these respects. And of 
this group of variously-modified forces, each ultimately undergoes 
a like transformation. 

Let us now mark how the process of evolution is furthered 
by this multiplication of effects. An incident force decomposed 
by the reactions of a body into a group of unlike forces, becomes 
the cause of a secondary increase of multiformity in the body 
which decomposes it By the reactions of the various parts, 
differently modified as we have seen they must be, the incident 
force itself •tnust be divided into differently modified parts. Each 
differentiated division of the aggregate thus becomes a centre from 
which a differentiated division of the original force is again diffused. 
And since unlike forces must produce unlike results, each of these 
differentiated forces must produce, throughout the aggregate,»a 
further series of differentiations. This secondary cause of 

the change from h fmogeneity to heterogeneity obviously becomes 
more pqjient in proportion as the heterogeneity incsenses. When 
the parts hi to which any evolving whole has segregated itself, have 
diverged widely in nature, they will* necessarily react very diversely 
on any incident force—they will divide an incident force into so 
many strongly* contrasted groups of forces. And each of them 
becoming the*cemre of a quite distinct Sfet of influences must add to 
the number of distinct secondary changes wrought throughout the 
aggregate. Yet another corollary must be added. The 

number of unlike parts of which an aggregate consists, is «n 
important factor in the process. Every additional specialized 
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division is an additional centre of specialised forces, and most be a 
further source of complication among the forces at work through* 
out the mass— a further source of heterogeneity. The mulliplica* 
tion of effects must proceed in geometrical progression. 

§ 157. The scattered parts of an irregular nebula in course of 
being drawn together, or integrated, cannot display in *a definite 
mAnner the secondary traits of evolution;. these presuppose an 
aggregate already formed. We can sav only that the half¬ 
independent components, each attracted by all and all by each, 
exhibit in their various momenta, different in their amounts and 
directions, a multiplication of effects produced by a single 
gravitative force. 

But assuming that the integrative process has at length 
generated a single mass of ncbulotfs matter, then the simultaneous 
condensation and rotation show us how two effects of the aggrega¬ 
tive force, at first but slightly divergent, become at last widely 
differentiated. An increase of oblateness in this spheroid must 
take place through the joint action of these two forces, as the 
bulk diminishes and the rotation grows more rapid; and this we 
may set down as a third effect. The genesis of heat, accompanying 
augmentation of density, is a consequence of yet another order—a 
consequence by no means simple; since the various }>arts of the 
mass, being variously condensed, must be variously heated. 
Acting throughout a gaseous spheroid, of which the parts are 
unlike in their temperatures, the«forces of aggicgation and rotation 
must work a further series of changes: they must set up circulating 
currents, both general and local. At a later st'ige light as well as 
beat will be generated. Thus without dwelling on the liindihood 
of chemical combinations and electric disturbances, it is manifest 
that, supposing matter to have originally existed in a diffused 
state, the once uniform force which caused its aggregation must 
have become gradually divided into different forces ;’and that each 
further stage of complication in the resulting aggregate must 
have initiated further subdivisions of this force—-a further multi¬ 
plication of effects, increasing the previous heterogeneity. 

This section of the argument may however be adequately 
sustained without having recourse to any such hypothetical iliustra- 
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turn* ** the foregoing. The astronomical attributes of the Earth 
will, even by themselves, suffice for our purpose. Consider first 
the effects of its rotation. There is the oblateness of its form; 
there is the alternation of day and night; there are certain 
constant marine currents; and there are certain constant aerial 
currents. Consider next the secondary scries of consequences due 
to the divergence of the Earth's plane of rotation from the plane 
of its orbit. The many variations of the seasons, both simul¬ 
taneous and successive, which pervade its surface, are thus caused. 
External attraction of the Moorland Sun acting on the equatorial 
protuberance of this rotating spheroid with inclined axis, produces 
the motion called natation, and that slower and larger one from 
which fid lows .the precession of the equinoxes, with its several 
sequences.* And then, by this same force, are generated the tides, 
aqueous and atmospheric. 

Perhaps, however, the simplest wav of showing the multiplication 
of effects among phenomena of this order, will be to set down the 
influences of anv member of the Solar System on the rest. A 
planet directly produces in neighbouring planets certain appreciable 
perturbations, complicating those otherwise produced in them; 
anfi in the remoter planets it directly produces certain less visible 
perturbations. Here is a first scries of effects. But each of the 
perturbed planets is itself a source of perturbations—each directly 
affects,all the others. Hence, planet A having drawn planet B 
out of the portion it would have occupied in A’s absence, the 
perturbations which B causes are different from what they woufil 
else have been; and similarly with C, 1), E, Ac. Here then is a 
secondary series of eTocts; fur more numerous though far smaller 
in their amounts. As these indirect perturbations fhust to some 
extent modify the movements of ejich planet, there results from 
them a tertiary series; and so on in ever multiplying and 
diminishing waves tliroughout the entire system. 

§ 158. If the Earth was formed bv the concentration of diffused 
matter, it must at*first hav«P been incandescent; and whether the 
nebuliu* hypothesis Ik? acivpted or tfbt, this original incandescence 
of the Earth may now be regarded as inductively established— 
or, if not established, at least rendered so probable that it is a 
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generally admitted geological doctrine. Several results of the 
gradual cooling of the Earth—as the formation of a crust, the 
solidification of sublimed elements, the precipitation of water, Ac. 
—have been already noticed, and I qgain refer to them merely 
to point out that the}* are simultaneous effects of th$ one cause, 
diminishing heat Let us now, however, observe the multiplied 
changes afterwards arising from the continuance of * this one 
cause. The Earth, falling in temperature, must contract 

Hence the solid crust at any time existing, is presently too large 
for the shrinking nucleus and, being unable to support itself, 
inevitably follows the nucleus. But a spheroidal envelope cannot 
sink down into contact with a smaller internal spheroid, without 
disruption: it will run into wrinkles as the rind of an apple does 
when the bulk of its interior decreases from evaporation* As the 
cooling progresses and the envelope thickens, the ridges consequent 
on these contractions must become greater, rising ultimately into 
hills and mountains; and the later systems of mountains thus 
produced must not only be higher, as we find them to be, but 
must be longer, as we also find them to be. Thus, leaving out of 
view other modifying forces, we see what immense heterogeneity 
of surface arises from the one cause, loss of heat—a hetero¬ 
geneity which the telescope shows us to be paralleled on 
the Moon, where aqueous and atmospheric agencies have !>een 

absent. But we have vet to notice another kind of 

• 

heterogeneity of surface, simultaneously caused. While the 
Earth's crust was thin, the ridges produced by its contractions 
must not only have been small in height and length, but the tracts 
between them must hate rested with comparajrive smoothness on 
the subjacent liquid spheroid; and the water in those ar«tic and 
antarctic regions where it first condensed, must have been eyenly 
distributed. But as fast as the crust grew thicker and gained 
corresponding strength, the lines of fracture from‘time to time 
caused in it occurred at greater distances apart; the Intermediate 
surfaces followed the contracting nucleus with less* uniformity; and 
there consequently resulted larger areas of land af.d water. If any 
one, after wrapping an orange in tissue paper, and observing both 
how small are the wrinkles and how evenly the intervening spaces 
lie on the surface of the orange, will then wtap it, in thick 
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cartridge-paper, and note both the greater height of the ridges 
and the larger spaces throughout which the paper does not touch 
the orange, he will see that as the Earth's solid envelope 
thickened, the areas of elevation and depression became greater. 
In place .of islands more or less homogeneously scattered 
throughout an all-cm bratring sea, there must have gradually arisen 
heterogeneous arrangements of continent and ocean, such as we 
now know. These simultaneous changes in the extent and 

in the elevation of the lands, involved yet another species of 
heterogeneity—tliat of coast liiy*. A tolerably even surface raised 
out of the (xtrail will have a simple, regular sea margin; but a 
surface varied by table lands and intersected by mountain chains 
will, when raised out of the ocean, have an outline extremely 
irregular,* alike in its leading features and in its details. Thus 
endless is the accumulation of geological and geographical results 
brought about by this one cause — escape of the Earth's 
primitive heat 

When we pass from the agency which geologists term igneous, 
to aqueous and atmospheric agencies, we see a like ever-growing 
complication of effects. The denuding actions of air and water 
have, from the beginning, been modifying every exposed surface: 
evcrywhereVorking many different changes. As already said (§ 69), 
the original source of those gaseous and fluid motions which effect 
denudation is the solar heat The transformation of this into 
various modes of energy, according to the nature and condition of 
the matter on which it falls, is*the first stage of complic&tidh. 
The Sun's rays, striking at all angles a sphere that from moment 
to moment present'd and withdrew different parts of its surface, 
and each of them for a different time daily throughout the year, 
would produce a considerable variety of cliangeg even were the 
sphere uniform. But filling as they do on a sphere surrounded by 
«n atmosphere containing wide areas of cloud, but which here 
unveils vast tracts of sea, there of level land, there of mountains, 
there of snow and ice, they cause in it countless different move¬ 
ments. Current# of air of all sizes, directions, velocities, and 
temperatures, are set up; as are%lso marine currents similarly 
contrasted in their characters. In this region the surface is giving 
off vapour,; in tffat, dew is being precipitated; and in another rain 
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is descending—unlikenesses which arise from the changing ratio 
between the absorption and radiation of heat in each place. 
At one hour a rapid fall in temperature leads to the formation of 
- ice, with an accompanying expansion throughout the moist bodies 
frozen; while at another a thaw unlqcics the dislocated fragments 
of these bodies. And then, passing to a second stage of compli¬ 
cation, we see that the many kinds of motion directly 01 % indirectly 
caused by the Sun's rays, severally produce results which vary with 
the conditions. Oxidation, drought, wind, frost, rain, glaciers, 
rivers, waves, and other denuding agents effect disintegrations 
that are determined in their amounts anti qualities by local 
circumstances. Acting on a tract of granity, such agents here 
work scarcely an appreciable effect; there cause exfoliations of the 
surface anti a resulting heap of debris and Ixwlders ; and elsewhere, 
after decomposing the feldspar into a white clay, carry away this 
with the accompanying quartz and mica, ami deposit them in 
separate beds, fluviatile or marine. When the cx|>oscd land 
consists of several unlike formations, sedimentary and igneous, 
changes proportionately more heterogeneous are wrought. The 
formations being disintegrable in different degrees, there follows 
an increased irregularity of surface. The areas drained by adjacent 
rivers being differently constituted, these rivers carry down to the 
sea unlike combinations of ingredients ; and so sundry new strata of 
distinct compositions arise. And here, indeed, we may see very 
clearly how the heterogeneity of the effects increases in a geo¬ 
metrical progression with the heterogeneity of the object acted 
upon. Let us, for the fuller elucidation of this truth in relation to 
the inorganic world, consider what would follow,, from an extensive 
cosmical casta$trophe—say a great subsidence throughout,,Central 
America. The immediate results would themselves be Sufficiently 
complex. Besides the numberless dislocations of strata, the 
ejections of igneous matter, the propagation of* earthquake 
vibrations many thousands of miles around, the # loud explosions, 
and the escape of gases, there would be an inrush- of*the Atlantic 
and Pacific Oceans, a subsequent recoil £>f enormous waves, which 
would traverse both these oceans and produce myriads of changes 
along their shores, and corresponding atmospheric waves compli¬ 
cated by the currents surrounding each volcanic ‘vent, as well as 
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electrical discharges with which eruptions are accompanied. But 
these temporary effects would be insignificant compared with the 
permanent ones. The complex currents of the Atlantic and 
Pacific would be altered in their directions and amounts. The 
distribution of heat achieved,by these currents would be different 
from what it is. The arrangement of the isothermal lines, not 
only on the neighbouring continents but even throughout Europe, 
would be changed. * The tides would flow differently from what 
they do now. There would lx* more or less modification of the 
winds in their periods, strengths, directions qualities; and rain 
would fall scarcely anywhere at* the same times and in the same 

y y 

quantities as at pnjsent. In these many changes, each including 
countless minor ones, may be seen the immense heterogeneity of 
the results wrought out bv one force, when that force expends 
itself on a previously complicated area : the implication being that 
from the beginning the complication has advanced at an increasing 
rate. 

| 159. We have next to trace throughout organic evolution, 
this same all-pervading principle. And here, where the transforma¬ 
tion of the homogeneous into the heterogeneous was first observed, 
the production of many changes by one cause is least easy to 
demonstrate in a direct way. Heredity complicates everything. 
Nevertheless, by indirect evidence we may establish our proposition. 

By way of preparation observe how numerous are the changes 
which any marked stimulus works on an adult organism—a human 
being for instance. An alarming sound or sight, besides impres¬ 
sions on the organs of sense and the nerves may produce a start, 
a scrcajn, a distortion of the face, a trembling consequent on 
genqfral mtiscular relaxation, a burst of perspiration, and perhaps 
an arrest of the heart followed by Syncope; and if the system be 
feeble, an illness with its long train of complicated symptoms may 
set in. *Siiflilarlv in cases of disease. A minute portion of the 
small-pox vifiis taken into the system will, in a severe case, cause, 
during the first it age, rigty-s, heat of skin, accelerated pulse, furred 
tongue, loss of appetite, thirst, epigastric uneasiness, vomiting, 
headache, pains in the back aiul limbs, muscular weakness, 
convulsions, delirium, Ac.; in'the second stage, cutaneous eruption. 
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itching, tingling, sore throat, swelled fauces, salivation, cough, 
hoarseness, dyspnoea. See .; and in the third stage, oedematoua 
inflammations, pneumonia, pleurisy, diarrhoea, inflammation of 
the brain, ophthalmia, erysipelas, Ac.: .each of which enumerated 
symptoms is itself more or less complex. Nqw it needs 

only to consider that this working of many changes by one force 
on an adult oiganism, must be partially paralleled in an embryo 
organism, to understand that in it too there must be a multiplica¬ 
tion of effects, ever tending to produce increasing heterogeneity. 
Each organ as it is developed, serves, by its actions and reactions 
on the rest, to initiate new complexities. The first pulsations of 
the foetal heart must simultaneously aid the ^unfolding of every 
part. The growth of each tissue, by taking from the blood special 
proportions of elements, must modify the constitution of the 
blood; and so must modify the nutrition of all the other tissues. 
The distributive actions, implying as they do a certain waste, 
necessitate an addition to tire blood of effete matters, which must 
influence the rest of the system, and perhaps, as some think, 
initiate the formation of excretory organa The nervous 
connexions established among the viscera must further multiply 
their mutual influences. And so is it with every modification of 
structure—every additional part and every alteration ifi the ratios 
of parts. Proof of a more direct kind is furnished by 

the fact, that the same germ may be evolved into different forms 
according to circumstances. Thus, during its earliest stages, 
every germ is sexless—originates either male or female as tire 
balance of forces acting on it determines. Again, there is the 
familiar truth that the larva of a working-bee will develop into a 
queen-bee if, 'before a certain period, it is fed after amnanner 
like that in which the larvae of queeri-bees are fed. Theu there 
is the still more striking evidence furnished by ants and termites. 
Riley, Grassi, Haviland and Hart, have shown that ‘differences of 
nutrition not only originate the differences be^weeh males and 
females but also the different traits of soldici^s, workers, and 
nurses.* Varying degree of nutrition, -after initiating the unlike¬ 
ness of sex, then determines the unlikenesses of external organs 
possessed by the various classes of sexless individuals. Next comes 
* See Principle* of Biology,, voL 1, pp. 660^8. 
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the evidence, still more directly relevant, supplied by the effects oi 
castration. If the removal of certain organs prevents the develop¬ 
ment of certain other organs in remote puts of the system—in 
man the vocal structures, ^hc beard, some traits of general form, 
some instincts and other mental characters—then it is clear that 
where these organs have not been removed, the presence of them 
determines the occurrence of these various changes of develop¬ 
ment, and doubtless many minor ones which are unobtrusive. 
Here the fact that one cause produces many effects in the course 
of organic evolution is indisputable. Doubtless we are, 

and must ever continue, unable to conceive those mysterious 
properties which npike the germ when subject to fit influences 
undergo the special changes initiating, and mainly constituting, 
the transformations of an unfolding organism; though we may 
consistently suppose that the)'* represent an infinite series of 
inherited modifications consequent on the instability of the 
homogeneous, the multiplication of effects, and one further factor 
still to be set forth. All here contended is that, given a germ 
possessing these mysterious properties, the evolution of an 
organism from it depends, in port, on that multiplication of 
effects which we have seen to be one cause of evolution in general, 
so far as wfi liavc yet traced it. 

When, leaving the development of single plants and animals, 
we pass to that of the Earth’s Flora and Fauna, the course of the 
argument again becomes clear and simple. Though, as before 
admitted, the fragmentary facts •Palaeontology has accumulated, 
do not clearly warrant us in saying that, in the lapse of geologic 
time, there have been evolved more heterogeneous organisms, and 
more heterogeneous assemblages of organisms; yet* we shall now 
see *that ‘there must ever have been a tendency towards these 
results. We shall find that the production of many effects by one 
cause, which* *as already shown, has been all along increasing the 
physicaf heterogpneitv of the Earth, has further necessitated an in¬ 
creasing heterogeneity of its inhabiting organisms, individually and 
collectively. At# illustration will make this clear. - Suppose 
that by upheavals, occurring, as they are known to do, at long 
intervals, the East Indian Archipelago were raised into a continent, 
and a chain of (fountains formed along the axis of elevation. By 
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the first of these upheavals, the plants and animals of Borneo, 
Sumatra, New Guinea, and the rest, would be subjected to sltghtly- 
modificd sets of conditions. The climate of each would be altered 
in temperature, in humidity, and in its periodical variations, while 
the local differences would be multiplied. The modifications 
would affect, perhaps inappreciably, the entire Flora and Fauna 
of the region. The change of level would entail additional 
modifications varying in different species. And also in different 
members of the same species, according to their distance from the 
axis of elevation. Plants growing only on the sea-shore in special 
localities might become extinct 'Others, living only in swamps 
of a certain humidity, would, if they survived at all, probably 
undergo risible changes of appearance. W^hile more marked 
alterations would occur in some of the plants that spread over 
the lands newly raised out of the water. The animals and insects 
living on these modified plants, would themselves be in some 
degree modified by changes of food, as well as by changes of 
climate; and the modifications would he more marked where, from 
the dwindling or disappearance of one kind of plant, an allied 
kind was eaten. In the lapse of the many generations arising 
before the next upheaval, the sensible or insensible alterations 
thus produced in each species, would become organised—in all 
the races which survived there would lie more or less adaptation 
to the new conditions. The next upheaval would superinduce 
further organic changes, implying- wider divergences from the 
pgmary forms; and so repeatedly. Now, however, observe that 
this revolution would not be a substitution of a thousand modified 
species for the thousand original species; but in place of the 
thousand origiyal species there would arise several thousand.species, 
or varieties, or changed forms. Each species being dlstribytcd 
over an area of'some extent, atid tending continually to colonize 
the new area exposed, its different members would he subject to 
different sets of changes. Plants and animals migrating Towards 
the equator would not be affected in the same Vraf with others 
migrating from it. Those which spread towards^ the new shores, 
would undergo changes unlike^ the changes undergone by those 
which spread into the mountains. Thus, each original race of 
organisms would become the root worn which diverged several 
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races, differing more or lew from it end from one another; and 
while some of these might subsequently disappear, probably more 
than one would survive into the next geologic period. Not only 
would certain modifications be thus caused by changes of physical 
conditions and food, but also, in some cases, other modifications 
caused by changes of habit. The fauna of each island, peopling, 
step by ftcp, the newly-raised tracts, would eventually come in 
contact with the fadnas of other islands; and some members of 
these other faunas would be unlike any creatures before seen. 
Herbivores meeting with new beasts of prey would, in some cases, 
be led into modes of defenc4 or escape differing from those 
previously used; and simultaneotisly the beasts of prey would 
modify their modes*of pursuit and attack. We know that when 
cinruinstances demand it, such changes of habit do take place in 
animals; and we know that if the new habits become the 
dominant ones, they must eventually in some degree alter the 
organization. Note, now, a further consequence. There 

must arise not simply a tendency towards the differentiation of 
each race of organisms into several races; but also a tendency to 
the occasional production of a somewhat higher organism. Taken 
iq, the mass, these divergent varieties, which have been caused by 
fresh physical conditions and habits of life, will exhibit alterations 
quite indefinite in kind and degree, and alterations that do not 
necessarily constitute an advance. Probably in most cases the 
modified type will 1* not appreciably more heterogeneous than 
the original one. But it must pow and then occur that some 
division of a species, falling into circumstances which give it rather 
more complex experiences, and demand actions somewhat more 
involve<J, will have certain of its organs further differentiated in 
proportionately small degrees—will become slightly more hetero¬ 
geneous. Hence, there will from rime to time a/ise an increased 
heterogeneity *both of the Earth's flora and fauna, and of individual 
races irfbluded in them. Omitting detailed explanations, and 
allowing for'qualifications which cannot here be specified, it is 
sufficiently clear ihat geological mutations have all along tended 
to complicate the forms of life,, whether regarded separately 
or collectively. That multiplication of effects which has been a 
part cause of the transformation of the Earth's crust from the 
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ample into the complex, has simultaneously led to a parallel 
transformation of the Life upon its surface. 9 

The deduction here drawn from the established truths of geology 
and the general laws of life, gains immensely in weight on finding 
it to be in harmony with an indaction^drawn from direct experience. 
Just that divergence of many races from one race, above described 
as continually occurring during geologic time, we know to have 
occurred during the pre-historic and historic periods, in man and 
domestic animals. And just that multiplication of effects which 
we concluded must have been instrumental to the first, we see has 
in great measure wrought the last Single causes, as famine, 
pressure of population, war, have periodically, led to further dis¬ 
persions of men and of dependent creatures : each such dispersion 
initiating new modifications, new varieties. Whether* a|j[ the 
human races be or be not derived from one stock, philology shows 
that in many cases a group of races, now easily distinguishable 
from one another, was originally one race—that the diffusion of 
one race into different regions and conditions of existence has 
produced many altered forms of it. Similarly with domestic 
animals. Though in some cases, as that of dogs, community of 
origin will perhaps be disputed, yet in other cases, as that of the 
sheep or the cattle of our own country, it will not be "questioned 
that local differences of climate, food, and treatment, have trans¬ 
formed one original breed into many breeds, now become so far 
distinct as to produce unstable hybrids. Moreover, through the 
complication of effects flowing from single causes, we here find. 

* Had tins paragraph, fifct published in the Westminster Review in April, 
1857, been written after the appearance of Mr. Darwin’s work on The ihigin of 
Specie », instead of before, it would doubtless have been otherwise cipryod. 
Reference would hive been made to the process of “natural selection,'* as 
greatly facilitating the differentiations described. As it is, hpyever, T prefer 
to let the passage stand in its original shape ; partly because ij scegu to me 
that these successive changes of conditions would produce diweryit varieties or 
species, apart from the influence of “natural selection*’ (though in lew 
numerous ways as well as leas rapidly) ; and partly becauai I conceive that in 
the absence of these successive change^ of conditions, “ natural selection * would 
effect comparatively little. Let me add that though these positions are not 
enunciated in The Origin of Species, yet a common friend jjives me reason to 
think that Mr. Darwin would coincide in them. 
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what we before inferred, not only an Increase of general hetero¬ 
geneity, but also of special heterogeneity. While of the divergent 
divisions and subdivisions of the human race, many have undergone 
changes not constituting ap advance; others have become more 
heterogeneous. The civilized European departs more widely from 
the mammalian archetype than does the Australian. 

§ 160. A sense-impression does not expend itself in arousing 
some single state of consciousness; but the state of consciousness 
arome«! is made up of various represented sensations connected by 
co-existence or sequence with the presented sensation. And that, 
in proportion as the % grade of intelligence is high, the number of 
ideas suggested is great, may lie readily inferred. Let us, however, 
look at the proof that here, too, each change is the parent of many 
changes and that the multiplicatlbn increases in proportion as the 
area affected is complex. 

Were some hitherto unknown bird, driven by stress of weather 
from the remote north, to make its appearance on our shores, it 
would excite no speculation in the sheep or cattle amid which it 
alighted: a perception of it as a creature like those constantly 
firing about, would be the sole interruption of that dull current of 
consciousness which accompanies grazing and rumination. The 
cow-herd, by whom we may suppose the exhausted bird to be 
presently caught, would probably gaze at it with some slight 
curiosity, as being unlike any he had before seen—would note its 
most conspicuous markings, and vaguely ponder on the questions; 
where it came from, and how it came. By the sight of it, the 
village bird-stuffer would have suggested to him sundry forms to 
which i% bore a little resemblance; would receive from it more 
numerous ‘and more specific impressions respecting structure and 
plumage; would be reminded of other birds brought by storms 
from foreign ^farts; would tell who found them, who stuffed them, 
who bought* thejm. Supposing the unknown bird taken to a 
naturalist of Che 'old school, interested only in externals, (one of 
those described b£ Edward -Forbes, as examining animals as though 
they were skins filled with straw,) it would excite in him a more 
involved series of mental changes.. There would be an elaborate 
examination of the feathers, rf*noting of all their technical distinc- 
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tions, with a reduction of these perceptions to certain equivalent 
written symbols; reasons for referring the new form to a particular 
family, order, and genus would be sought out and written down ; 
communications with the secretary of,some society, or editor of 
some journal, would follow; and probably there would be not a 
few thoughts about the addition of the si to the describcr's name, 
to form the name of the species. 

Lastly, in the comparative anatomist such a new species, should 
it have any marked internal peculiarity, might produce additional 
sets of changes—might suggest modified views respecting the 
relationships of the division to which it belonged; or, perhaps, 
alter his conceptions of the homologies and developments of certain 
organs; and the conclusions drawn might possibly enter as elements 
into still wider inquiries concerning the origin of organic forms. 

From ideas let us turn to emotions. In a young child, a father's 
anger produces little else than vague fear—a sense of imjwnding 
evil, taking various shapes of physical suffering or deprivation of 
pleasures. In elder children the same harsh words will arouse 
additional feelings: sometimes a sense of shame, of penitence, or of 
sorrow for having offended ; at other times, a sense of injustice and 
a consequent anger. In the wife, yet a further range of feelings 
may come into existence—perhaps wounded affection, perlmps self- 
pity for ill-usage, perhaps contempt for groundless irritability, 
perhaps sympathy for some suffering which the irritability indicates, 
perhaps anxiety about an unknown misfortune which she thinks 
faft, produced it. Nor are we without evidence that among adults, 
the like differences of development are accompanied by like differ¬ 
ences in the number of‘emotions aroused, in combination or rapid 
succession: the lower natures being characterized by that*impul¬ 
siveness which Results from tjie uncontrolled action of a *few 
feelings; and the higher natures being characterized by the simul¬ 
taneous action of many secondary feelings, modifying thyse first 
awakened. 

Perhaps it will be objected that the illustrations here given, are 
drawn from the functional changes of thb nervous System, not from 
its structural changes; and th&t what is proved among the first 
does not necessarily hold among the last. This must be admitted. 
Those, however, who recognize the truth that the structural 
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change* are the slowly accumulated results of the functional changes, 
will readily draw the corollary that a part cause of the evolution 
of the nervous system, as of other evolution, is this multiplication of 
effects which becomes ever greater as the development becomes higher. 

| 161. If the advance of Man towards greater heterogeneity, in 
both body and mind, is in part traceable to the production of 
many effects by one cause, still more clearly may the advance of 
Society towards greater heterogeneity be so explained. 

Consider the growth of industrial organization. When some 
individual of a tribe displays unusual aptitude for making weapons, 
which were before r^ade by each man for himself, there arises a 
tendency towards the differentiation of that individual into a 

m 

maker of •weapons. His companions, warriors and hunters All of 
them, severally wishing to have tljb best weapons that can be made, 
are certain to offer strong inducements to this skilled individual to 
make weapons fur them. He, on the other hand, having both an 
unusual faculty, and an unusual liking, for making weapons 
(ca juicily and desire being commonly associated), is predisposed to 
fulfil these commissions on the offer of adequate rewards: especially 
as his love of distinction is also gratified. This first specialization 
of function, \>nce commenced, tends ever to become more decided. 
On the side of the weapon-maker, continued practice gives increased 
skill. On the side of his clients cessation of practice entails 
decreased skill. Thus this social movement tends to become more 
decided in the direction in which*it was first set up; and thw'* 
incipient heterogeneity is, on the average of cases, likely to become 
permanent for that generation, if no longer. Such a 

differentiation has a tendency to initiate other differentiations. 
The advance described implies the introduction of barter. The 
maker of weapons has to be paid in such other articles as he agrees 
to take. NoV he will not habitually exchange for one kind of 
article. He 'does not want mats only, or skins, or fishing-gear. 
He wants all thdsc, and on each occasion will bargain for the 
particular things kfc? then most needs. What follows ? If among 
the members of the tribe there exist*any slight differences of skill 
in the manufacture of these various things tire weapon-maker will 
take from each one the thinjf which that one excels in making. 



THE KNOWABLE 


• \«N 

But be who hu bartered away bis mats or bis fishing-gear, must 
make other mats or fishing-gear for himself; and in so doing must, 
in some degree, further develop bis aptitude. If such transactions 
are repeated, these specialisations maj; become appreciable And 
whether or not there ensue distippt differentiations of other 
individuals into makers of particular articles, it is clear that the 
one original cause produces not only the first dual effect, but a 
number of secondary dual effects, like in* kind but minor in 
degree. This process, of which traces may be seen among 

groups of school-boys, cannot well produce a lasting distribution of 
functions in an unsettled tribe; but where there grows up a fixed 
and multiplying community, it will become peynanent, and increase 
with each generation. An addition to the number of citizens, 
involving a greater demand for every commodity, intensifies the 
functional activity of each specialized person or class; and this 
renders the specialization more definite where it exists, and estab¬ 
lishes it where it is nascent By increasing the pressure on the 
means of subsistence, a larger population again augments these 
results; since every individual is forced more and more to confine 
himself to that which he can do best, and by which he can gain 
most And this industrial progress opens the way for further 
growth of population, which reacts as before. * Under the 

same stimuli new occupations arise. Among competing workers, 
some discover better processes or better materials. The substi¬ 
tution of bronze for stone entails on him who first makes it a great 
increase of demand—so great an increase that presently all his time 
is occupied in making the bronze for the articles he sells, and he is 
obliged to depute the fashioning of these articles to others; so that 
eventually tha making of bronze, thus differentiated from a pre¬ 
existing occupation, becomes an occupation by itself. * But. now 
mark the ramified changes whfch follow this change. Bronze soon, 
replaces stone not only in the articles it was first uMti for, but in 
many others; and so affects the manufacture of tyem.* Farther, it 
affects the processes which such improved utensils sufiserve, and the 
resulting products—modifies buildings, carving:, dress, personal 
decorations. And all these changes react on the people—increase 
their manipulative skill, their intelligence, their comfort—refine 
their habits and tastes. 
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Thu increasing social heterogeneity, that results from the 
production of many effects by one cause, cannot of course be 
followed out. But leaving tbe intermediate phases of social 
development, let us take an illustration from its passing phase. 
To trace the effects of steam-power, in its manifold applications 
to mining^ navigation, and manufactures, would carry us into 
unmanageable detail. Let us confine ourselves to the latest 
embodiment of steatn power—the locomotive engine. This, as the 
proximate cause of our railway system, has changed the face of 
the country, the course of trade, and the habits of the people 
Consider, first, the complicated sets of changes that precede the 
making of every railway—the provisional arrangements, the 
meetings, the registration, the trial section, the parliamentary 
survey, Jhc lithographed plans, the books of reference, the local 
deports and notices, the application to Parliament, the passing 
Standing Orders Committee, the first, second, and third readings: 
each of which brief heads indicates a multiplicity of transactions, 
and a further development of sundry occupations, (as those of 
engineers, surveyors, lithographers, parliamentary agents, share¬ 
brokers,) and the creation of sundry others (as those of traffic 
takers, reference makers). Consider, next, the yet more marked 
changes iraplied in railway construction—the cuttings, em ban kings, 
tunnelling*, diversions of roods; the building of bridges, viaducts, 
and stations; the laying down of ballast, sleepers, and rails; the 
making of engines, tenders, carriages, and wagons: which processes, 
acting upon numerous trades, inqnease the importation of timhgr, 
the quarrying of stone, the manufacture of iron, the mining of coal, 
the burning of bricks; institute a variety*of special manufactures 
weekhyulvertised in the Raihcay Times; and call ipto being some 
new clashes of workers—drivers, stokers, cleaners, plate-layers, 
signal-men. Then come the changes, more numerous and involved 
still, which ^railways in action produce on the community at large. 
The organization of every business is modified. Ease of com¬ 
munication Aafies it better to do directly what was Iwfore done by 
proxy; agencie%are established where previously they would not 
have paid; goods are obtained # from remote wholesale houses 
instead of near retail ones; _&»d commodities are used which 
distance once rendered inaccessible. Rapidity and economy of 

*4 
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carriage tend to specialize more than ever the industries of different 
districts—to confine each manufacture to the parts in which, from 
local advantages, it can be best carried on. Cheap distribution 
equalizes prices, and also, on the average, lowers prices: thus 
bringing divers articles within the reach of those before, unable to 
buy them. At the same time the practice of travelling is 
immensely extended. People who before could not afford it, take 
annual trips to the sea, visit their distant relations make tours, 
and so are benefited in body, feelings and intellect. The prompter 
transmission of letters and of news produces further chang es ■ 
makes the pulse of the nation faster. Yet more, there arises a wide 
dissemination of cheap literatu* through railway book-stalls and of 
advertisements in railway carriages : both of them aiding ulterior 
progress. So that beyond imagination are the changes thns briefly 
indicated, consequent on the invention of the locomotive engine. 

It should be added that we here see, more clearly than ever, how 
in proportion as the area over which any influence extend* becomes 
heterogeneous the results are in a yet higher degree multiplied in 
number and kind. While among the uncivilized men to whom it 
was first known, caoutchouc caused but few changes among 
ourselves the changes have been so many and varied that the 
history of them occupies a volume. Upon the small, homogeneous 
community inhabiting one of the Hebrides, the electric telegraph 
would produce, were it used, scarcely any results; but in England 
the results it produces are multitudinous. 

•'Space permitting, the synthesis-might here be pursued in relation 
to all the subtler products of social life. It might be shown how, 
in Science, an advance *of one division presently advances other 
divisions—how Astronomy has been immensely forwarded by 
discoveries in Optics, while other optical discoveries have'initiated 
Microscopic Anatomy, and greatly aided the growth of Physiology 
—how Chemistry has indirectly increased our knowledge of 
Electricity, Magnetism, Biology, Geology—how Electricity has 
reacted on Chemistry and Magnetism, developed efur views of 
Light and Heat, and disclosed sundry laws of* nervous action. 
But it would needlessly tax the reader's patience to detail, in their 
many ramifications, these various ct^uiges; so involved and subtle 
as to be followed with difficulty. 
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$ 162. After the argument which dosed the hut chapter, a 
parallel one here seems scarcely required. For symmetry's sake, 
however, it will be proper briefly to point out how the multiplica¬ 
tion of effects, like the, instability of the homogeneous, is a 
corollary fjrom the persistence of force. 

Tilings which we call different are things which react in different 
ways; aad we can know them as different only by the differences in 
their reactions. Viftien we distinguish bodies as hard or soft, rough 
or smooth, we mean that certain like muscular forces expended on 
them are followed by unlike reactive forces, causing unlike sets of 
sensations. Objects classed as red, blue, yellow, Ac., are objects 
which decompose light in contrasted ways; that is, we know con¬ 
trasts of colour as contrasts in the changes produced in a uniform 
incident* force. The proposition that the different parts of any 

whole must react differently on % uniform incident force, and must 

» 

thus reduce it to a group of multiform forces, is in essence a truism. 
Suppose we reduce this truism to its lowest terms. 

When, from unlikeness between the effects they produce on 
consciousness, we predicate unlikeness between two objects, what is 
our warrant ? and what do we mean by the unlikeness, objectively 
oonsidered ? Our warrant is the persistence of force. Some kind 
or amounf of change has been wrought in us by the one which has 
not been wrought by the other. This change we ascribe to some 
force exercised bv the one which the other has not exercised. And 
we have no alternative but to do this, or to assert that the change 
had no antecedent, which is to deny the persistence of forift. 
Whence it is further manifest that what we regard as the objective 
unlikeness is the presence in the one of soifte force, or set of forces, 
not present in the other—something in the kinds*or amounts or 
directions of the constituent forces of the one, wjpich those of the 
other do not parallel. But now if things or parts of things which 
we call diff&hnt, are those of which the constituent forces differ in 
one or mor£ respects, what must happen to any like forces, or any 
uniform force, billing on them ? Such like forces, or parts of a 
uniform force, must be differently modi fled. The force which is 
present in the one and not in the other, must be an element in the 
conflict—must produce its eqqsralent reaction; and must so affect 
the total reaction. To sayfftherwise is to say that this differential 
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fame will produce no effect, which is to say that force i» not 
persistent 

I need not develop this corollary further. It manifestly follows 
that a uniform force falling on a unifony aggregate, must undergo 
dispersion; that foiling on an aggregate made up of unlike parts, 
it must undergo dispersion from each part, as well as qualitative 
differentiations; that in proportion as the parts arw unlike, 
these qualitative differentiations must be marked; that in pro* 
portion to the number of the parts, they must be numerous; 
that the secondary forces so produced must undergo further trans¬ 
formations while working equivalent transformations in the parts 
that change them; and similarly with the forces they generate. 
Thus the conclusions that a part cause of Evolution is the multi¬ 
plication of effects, and that this increases in geometrical progression 
as the heterogeneity becomes greater, are not only to be established 
inductively, but are deducible from the deepest of all truths. 
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SEGREGATION 

§ 163. The general interpretation of Evolution is far from 
being completed in the preceding chapters. We must contem¬ 
plate its changes under yet another aspect, before we can form a 
definite conception of the pro&ss constituted by them. Though 
the laws already set forth furnish a key to the re-arrangement of 
parts which Evolution exhibits, in so far as it is an advance from 
the uniform to the multiform, they furnish no key to this re¬ 
arrangement in so fai»as it is an advance from the indefinite to the 
definite. On studying the actions and reactions everywhere going 
tm, we have found it to follow from a certain primordial truth, 
that the homogeneous must lapse into the heterogeneous, and that 
the heterogeneous must become more heterogeneous; but we have 
not discovered why the differently-affected parts of any simple 
whole, become clearly marked off from one another, at the same 
time that they become unlike. Thus far no reason has been giaan 
why there should not ordinarily arise a vague chaotic heterogeneity, 
in place of that orderly heterogeneity'displayed in Evolution. 
It stM remains to find out the cause of that local integration 
winch accompanies local differentiation—that gradually-completed 
segregation of like units into a group, distinctly separated from 
neighjfounVg groups which are severally made up of other kinds ot 
units. T»ie sationule will be conveniently introduced by a few 
instances in which we may watch this segregative process taking 
place. 

When, late in September, th# trees are gaining their autumn 
colours, and we are hoping s&6n to see a further change increasing 
the beauty of the landscape, we are sometimes disappointed by the 
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occ ur re n ce of an equinoctial gale Out of the mixed maw of foliage 
on each branch, the strong current of air carries away the decaying 
and brightly-tinted leaves, but fails to detach those which are still 
g re en . And while these last, frayed and f seared by long-continued 
beatings against one another, give a sptnbre colour to the woods, 
the red and yellow and orange leaves are collected together in 
ditches and behind walls and in corners where eddies allow them 
to settle. That is to say, by that uniform force which the wind 
exerts on both kinds, the dying leaves are picked out from among 
their still-living companions and gathered in places by themselves. 
Again, the separation of particles of different sizes, as dust and 
sand from pebbles, may be similarly effected, as we see on every 
road in March. And from the days of Homer downwards, the 
power of currents of air, natural and artificial, to part from one 
another units of unlike characters*has been habitually utilized in 
the winnowing of chaff from wheat. In every brook we see 

how the mixed materials carried down are separately deposited— 
how in rapids the bottom gives rest to nothing but boulders and 
pebbles; how where the current is not so strong, sand is let fall; 
and how, in still places, there is a sediment of mud. This selective 
action of moving water is commonly applied in the arts to obtain 
masses of particles of different degrees of fineness. Emery, for 
example, after being ground, is carried by a slow current through 
successive compartments; in the first of which the largest grains 
subside; in the second of which the grains that settle before the 
water has escaped, are somewhat smaller; in the third smaller still; 
until in the last there are deposited those finest particles which 
have not previously been'able to reach the bottom. And in a way 
that is different though equally significant, this segregative 
effect of water in motion, is exemplified in the carrying‘away, of 
soluble from insoluble matters—an application of it hourly made 
in every laboratory. The effects of the uniform fdrees which 

aerial and aqueous currents exercise, are paralleled by those of 
uniform forces of other orders. Electric attraction will separate 
small bodies from large, or light bodies from heavy. «JBy magnetism, 
grains of iron may by selected frqm other grains; as by the Shef¬ 
field grinder, whose magnetized gaua^mask filters out the steel dust 
his wheel gives off from the stone tK’st which accompanies it. 
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And how the affinity of any agent acting differently on the noised 
components of a body, enables us to take away some component 
and leave the rest behind, is perpetually shown in chemical 
experiments. 

What, now, is the general ^truth here variously presented ? How 
are these facts, and countless similar ones, to be expressed in terms 
that embrace them all ? In each case we see in action a force 
which may be regarded as simple or uniform—fluid motion in a 
certain direction at a certain velocity; electric or magnetic attrac¬ 
tion of a given amount; chemical affinity of a particular kind; 
or rather, in strictness, the acting force is compounded of one 
of these with some other uniform force, as gravitation, Ac. In 
each case we have *an aggregate made up of unlike units—either 
atoms af different substances combined or intimately mingled, or 
fragments of the same substance of different sizes, or other con¬ 
stituent parts that are unlike in their specific gravities, shapes, or 
other attributes. And in each ease these unlike units, or groups 
of units, of which the aggregate consists, are, under the influence 
of some resultant force acting indiscriminately on them all, 
separated from one another—segregated into minor aggregates, 
each consisting of units that are severally like one another and 
unlike those of the other minor aggregates. Such being the 
common aspect of these changes, let us look for the common 
interpretation of them. 

In the chapter on “The Instability of the Homogeneous," it 
was shown that a uniform force falling on any aggregate, produces 
unlike modifications in its different parts—turns the uniform into 
the multiform and the multiform into the more multiform. The 
transformation thus wrought, consists of either insensible or 
sensible*changes of relative position among the units, or of both. 
Such portion of the permanently effective forte as reaches each 
different jftflrt, or differently-conditioned part, may he expended in 
modifying thg mutual relations of its constituents; or it may be 
expended lb moving the part to another place ; or it may be 
expended partially in the. first and partially in the second. And 
if little or none is alisorbed in rc-arranging the components of a 
compound unit, much or the^wnole must show itself in motion of 
such compound unit to jwme other place in the aggregate; and 



f$* . THE KNOWABLE 

conversely. Whet most follow from this ? la euet where 

none or only pert of the force generates chemical re-distributions, 
what physical re-distributions must be generated? Parts that 
are similar to each other will be similarly acted on by the force, 
while parts that are dissimilar will be dissimilarly acted 90. Hence 
the permanently effective incident force, when wholly or partially 
transformed into mechanical motion of the units, will* produce 
like motions in units that are alike, and unlike motions in units 
that are unlike. If then, in an aggregate containing two or more 
orders of mixed units, those of the same order will be moved in - 
the same way, and in a way that differs from that in which units 
of other orders are moved, the respective orders must segregate. 
A group of like thing* on which are impre£M& motions that are¬ 
alike in amount and direction, must 1 x? transferred as a group to 
another place, and if they are mingled with some group of other 
things, on which the motions impressed are like one another, but 
unlike those of tire first group in amount or direction or both, 
these other things mast be transferred as a group to some other 
place—the mixed units must undergo a simultaneous selection 
and separation. 

Further to elucidate this process, let me set down a few instances 
in which we may see that the definiteness of the separation is in 
proportion to the definiteness of the differences among the units. 
Take a handful of pounded substance, containing fragments of 
all sizes, and let it fall gradually while a gentle breeze is blowing. 
Xb e large fragments will be collected on the ground almost im¬ 
mediately under the hand; somewhat smaller fragments will be 
carried a little to the leeward; still smaller ones further away; 
and those minute particles we call dast, will be drifted far*before 
they reach the earth: that is, the segregation is indefinite where 
the differences among the fragments are indefinite, though the 
divergences are greatest where the differences are greatest. If, 
again, the handful be made up of distinct orde^t of units—as 
pebbles, coarse sand, and dust—these will, under like conditions, 
he segregated with greater definiteness* The pebbles will drop 
almost vertically; the sand, falling obliquely, will deposit itself 
within a tolerably circumscribed spare beyond the pebbles; while 
the dust will be blown almost horizoh&ally to a great distance. 
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A <*ie in which another kind of force comes into play, will still 
better illustrate* this truth. Through a mixed aggregate of soluble 
and insoluble substances, let water slowly percolate. There will 
in the first place be a distinct parting of the substances that are 
the most widely unlike: the*soluble will be carried away; the 
insoluble will remain behind. Further, some separation, though 
a less defufUc one, wilj lie effected among the soluble substances; 
since the first part of the current will remove the most soluble in 
the largest amounts, ant! after these have been dissolved, it will 
continue to bring out the remaining less soluble. Even the 
undissolved matters will have simultaneously undergone some 
segregation; for the percolating fluid will cam- down the minute 
fragments from among the large ones, and will often deposit those 
of small ftyecific gravity in one place, and those of great specific 
gravity in another. Tto complete the elucidation we 

must glance at the obverse fact; namely, that mixed units which 
differ but slightly, are moved in but slightly-different ways by 
incident forces, and can therefore Ik* separated only by such adjust¬ 
ments of the incident fcft-ces as allow slight differences to become 
appreciable factors in the result. The parting of alcohol from water 
by "distillation is a good example. Here we have molecules con¬ 
sisting of oxygen and hydrogen, mingled with molecules consisting 
of oxygen, hydrogen, and carbon. The two orders of molecules 
have a considerable likeness of nature: they similarly maintain a 
fluid fonn at ordinary temperatures; they similarly become gaseous 
more and more rapidly as the temperature is raised; and they 
boil at points not very far apart. Now this comparative likeness 
of the molecules is accompanied by difficulty in segregating them. 
If the tn&cgi fluid is unduly heated, much water distfls over with 
the alfobol: it is only within a narrow range of temperature that 
Tnolecules of pie one kind are driven off rather than the others; 
and even^hen not a few of the others accompany them. The most 
interesting an^l instructive example, however, is furnished by 
certain phenomena of crystallization. When several salts that 
have little analog^ of constitution, are dissolved in the same body 
of water, they are separated without much trouble, by crystalliza¬ 
tion : subject as they are to uriiorm forces, they segregate. Hie 
crystals of each salt do, jiAecd, usually contain certain small 
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•mounts of the other salts present in the solution; but from these 
they are severally freed by repeated re-solutions’and crystalliza¬ 
tions. Mark now, however, that the reverse is the case when the 
salts contained in the same body of water are chemically homologous. 
The nitrates of baryta and lead, or the sulphates of zinc, soda, 
and magnesia, unite in the same crystals; nor will they crystallize 
separately* if these crystals be dissolved afresh, and afresh crystallized. 
On seeking the cause of this anomaly, chemists found that such 
salts were isomorphous—that their molecules, though not chemically 
identical, are identical in the proportions of acid, base, and water, 
composing them, and in the crystalline forms they assume when 
uniting. Here, then, we see clearly that ynits of unlike kinds 
are selected out and separated with a reach ness proportionate to 
the degree of their unlikeness. 

There is a converse cause of segregation which it is needless here 
to treat of with equal fulness. If different units, acted on by the ' 
same force, must be differently moved ; so, conversely, units of the 
same kind must be differently moved by different forces. Supposing 
some group of units forming part of a homogeneous aggregate are 
unitedly exposed to a force which is unlike in amount or direction 
, to the force acting on the rest of the aggregate, then this group of 
units will separate from the rest, provided that, of* the force so 
acting on it, there remains any portion not dissipated in molecular 
vibrations or absorbed in producing molecular re-arrangements.' 
After all that has been said above, this proposition needs no 
‘ defence. 

Before ending our preliminary exposition, a complementary 
truth must be specified; namely, that mixed forces are segregated 
by the reaction of uniform matters, just as mixed nAtters are 
segregated by the action of uniform forces. Of this truth a com¬ 
plete and sufficient illustration is furnished by the dispersion of 
refracted light. A beam of light, made up of ethereal upd uiations 
of different orders is not uniformly deflected by homogeneous 
refracting body; but the different orders of undulations it con¬ 
tains are deflected at different angles*; the result being that these. 
different orders of undulations are separated and integrated, and so , 
produce the colours of the spe?Scum. A segregation of another 
kind occurs when rays of light traft^gse an obstructing medium. 
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Thoee which consist of comparatively short undulations are 
absorbed before 'those which consist of comparatively long ones; 
and the red rays which consist of the longest undulations, alone 
penetrate when the obstruction is very great. How, conversely, 
there is produced a separation of like forces by the reaction of 
unlike matters, is also mode manifest by the phenomena of refrac¬ 
tion ; since* adjacent and parallel beams of light, falling on, and 
passing through, unlike substances, arc made to diverge. 

§ 16-1. In vague ways the heavenly bodies exemplify that cause 
of material segregation last assigned—the action of unlike forces 
on like units. 

I say in vague wavs because our Sidereal System displays more 
of aggregation than of segregation. That the irregular swarms of 
stars constituting the Milky Way, frith its branches and gaps and 
denser regions, have lieen gathered together from a more widely 
diffused state, may be reasonably inferred; though as we know 
nothing of the preceding distribution such a change cannot be 
proved : still less can these be proved a segregative process. 

It is true that in clusters of stars, beginning with those having 
members considerably dispersed and ending with those having 
mcmliers rlo&ly concentrated—globular clusters—we see strong 
evidence of aggregation ; and it may be contended that since the 
mutual gravitations of the stars forming a cluster, differ in their 
degrees ami directions from those of the stars from which they 
have separated, there is a kind of*seregation. But it must be 
admitted that the conformity to the above-named principle is but 
an indefinite one. 

There ate, however, two classes of facts which exhibit^egregation, 
though* they*leave us ignorant of its causes. The fir^t is that star- 
dustero are abundant along the course of the Milky^ Way: by far 
the larger nuoftibr of them lying in the neighbourhood of its plane 
and relatively few pi regions on either side. The second is that, 
contrariwise, the nftbulie are sparsely scattered in and about the 
galactic circle And ware relatively numerous in the spaces remote 
, from it. Though there are thus presented two cases of segregation 
there is no evidence that these different classes of bodies have been 
separated from a nfixed assemblage, nor is there any indication of 
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the forces by which this contrast in distribution has been produced. 
We can only say that the facts are congruous with the belief that 
segregation, probably indirect rather than direct in its cause, has 
been going on. 

The formation and detachment of a nebulous ripg illustrates 
the same general principle. To conclude, as Laplace did, that the 
equatorial portion of a rotating nebulous spheroid will, during 
concentration, acquire a centrifugal force sufficient to prevent it 
from following the rest of the contracting mass, is to conclude that 
such portions will remain behind as are in common subject to a 
certain differential force. The line of division between the ring 
and the spheroid, must be & line inside of which the aggregative 
force is greater than the force resisting aggregation; and outside 
of which the force resisting aggregation is greater than*the aggre-, 
gative force. Hence the alleged process conforms to the law that 
among like units, exposed to unlike forces, the similarly conditioned 
separate from the dissimilarly conditioned. 

§ 165. Those geologic changes usually classed as aqueous, display 
under numerous forms the segregation of unlike units by a uniform 
incident force. On sea shores the waves are ever sorting out*and 
separating the mixed materials against which they break. From 
each mass of fallen cliff, the title carries away all those particles 
which are so small as to remain long suspended in the water; and,' 
at some distance from shore, deposits them in the shape of 
fine sediment. Large particle^, sinking with comparative rapidity, 
are accumulated into beds of sand near low water-mark. The 
small pebbles collect together at the bottom of the incline up 
which the breakers rush; and on the top lie the larger stones 
and boulders.. Still more specific segregations may occasionally 
be observed. Flat pebbles, produced by the breaking down of 
laminated rock, are sometimes separately collected in one part 
of a shingle banlp On this shore the deposit is wholfy of mud; 
on that it is wholly of sand. Here we find a sheltered cove filled 
with small pebbles almost of one size ; and thete, in a curved bay. 
one end of which is more exposed than the other, we see a progres¬ 
sive increase in the ma&sivenessSf the stones as we walk from the 
less exposed to the more exposed ebj. Trace the history of each 
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geologic deposit, and we are quickly led down to the fact that 
mixed fragments of matter, differing in their sizes or weights, are, 
when exposed to the momentum and friction of water, joined with 
the attraction of the Earth, fclected from one another, and united 
into groups pf comparatively .like fragments. And we see that, 
other things equal, the separation is definite in proportion as the 
differences t»f the units are marked. After they have been 

formed, sedimentary Arata exhibit segregations of another kind. 
The flints and the nodules of iron pyrites that are found in chalk, 
as well as the silicious concretion^ which sometimes occur in lime¬ 
stone, are interpreted as aggregations of molecules of silex or 
sulphuret of iron, originally diffused through the deposit, but 
gradually collected nfhnd centres, notwithstanding the solid or 
semi-soyd state of the surrounding matter. Bog iron ore supplies 
Ihe conditions and the result in still more obvious correlation. 

Among igneous changes we do not find so many examples of the 
process described. Nevertheless, geological phenomena of this 
order are not barren of illustrations. Where the mixed matters 
composing the Earth’s crust have been raised to a very high tem¬ 
perature, segregation commonly takes place as the temperature 
fells. Sundry of the substances that escape in a gaseous form from 
volcanoes sublime into crystals on coming against cool surfaces : 
and solidifying, as these substances do, at different temperatures, 
they are deposited at different parts of the crevices through which 
they are emitted together. The best illustration, however, is 
furnished by the changes that occar during the slow cooling of 
igneous rock. When, through one of the fractures from time to 
time made in the Earth’s crust, a portion of *the molten nucleus is 
extruded?and when this is cooled with comparative rapidity, there 
result* trap or basalt—a substance that is uniform in texture, 
though made up of various ingredients. But when, not escaping 
through £he superficial strata, such a portion of the molten nucleus 
is slowly coofed,.granite is the result: the mingled particles of 
quartz, feldspar, ahd mica, being kept for a long time in a fluid 
and semi-fluid state—a state of comparative mobility—undeigo 
those changes of position which th& forces impressed on them by 
their fellow units necessitate. Tire differential forces arising from 
mutual polarity, "segregate Jke quartz, feldspar, and mica, into 



380 


THE KNOWABLE 


crystals. How completely this is dependent on the long-continued 
agitation of the mixed particles, and consequent long-continued 
movableness by small differential forces, is proved by the fact that 
in a granite dyke the crystals in the ^centre, where the fluidity or 
semi-fluidity continued for a longer time, are much, larger than 
those at the sides, where contact with the neighbouring rock caused 
more rapid cooling and solidification. 

§ 166 . The actions going on throughout an organism are so 
involved, that we cannot expect, to identify the forces by which 
particular segregations are effected. Among the few instances 
admitting of interpretation, the best are those in which mechanical 
pressures and tensions are the agencies at work. 

The spine of a vertebrate animal is subject to certain .general 
strains—the weight of the bddy, together with the reactions 
involved by all considerable muscular efforts; mid under these 
conditions it has become segregated as a whole. At the same 
time, being exposed to different forces during those lateral bend¬ 
ings which the movements necessitate, its parts retain a certain 
separateness. If we trace up the development of the vertebral 
column from its primitive form of a cartilaginous cord in *the 
lowest fishes, we see that, throughout, it maintains ad integration 
corresponding to the unity of the incident forces, joined with a 
division into segments corresponding to the variety of the incident 
forces. Each segment, considered apart, exemplifies the 

truth more simply. A vertebra is not a single bone, but consists 
of a central mass with sundry appendages or processes, and in 
unfinished types of vertebrae these appendages are separate from 
the central mass, and, indeed, exist before it makes its appearance. 
But these several independent ( bones, constituting a primitive wpinal 
segment, are subject to a certain aggregate of forces which agree 
more than they differ: as the fulcrum to a group qjf muscles 
habitually acting together they perpetually vundetgo certain 
reactions in common. And accordingly, in the (ourse of develop¬ 
ment, they gradually coalesce. Still clearerris the illustration 

furnished by spinal segment^, that become fused together where 
they are together’exposed toNome predominant strain. The 
y sacrum consists of a group of vertebrae firmly united.' In the 
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ostrich and Its congeners there are from seventeen to twenty sacral 
vertebrae; and, besides being confluent with one another, these are 
confluent with the iliac bones, which run on each side of them. If, 
now, we assume these vertebrae to have been originally separate, 
as they still are in the embryo bird, and if we consider the forces 
to which they must in such case have been exposed, we shall see 
that their .union results in the alleged way. For through these 
vertebrae the entire w«flght of the body is transferred to the legs: 
the legs support the pelvic arch; the pelvic arch supports the 
sacrum; and to the sacrum is articulated the rest of the spine, 
with all the organs attached to it and upheld by it. Hence, if 
separate, the sacral vertebrae must be held firmly together by 
strongly-contracted nfusdes, and must, by implication, be pre¬ 
vented fropi partaking in those lateral movements which the 
Other Vertebrae undergo—they must be subject to a common 
strain, while they are preserved from strains which would affect 
them differently; and so they fulfil the conditions under which 
segregation occurs. But the cases in which cause and effect 

are brought into the mpst obvious relation are supplied by the 
limbs. The metacarpal bones (those which in man support the 
pal® of the hand) are separate from one another in most 
mammals: the separate actions of the toes entailing on them 
slight amounts of sej>arate movements. This is not so however 
in the ox-tribe and the horse-tribe. In the ox-tribe, only the 
middle metacarp&ls (third and fourth) are developed ; and these, 
attaining massive projxirtions, coalesce to form the cannon bone. 
In the horse-trilx*, the segregation is what we may distinguish as 
indirect: the second and fourth metacarpals are present only as 
rudiment% united to the sides of the third, while «the third is 
immeqaely developed; thus forming a cannon bone which differs 
(join that of the ox in being a single cylinder, instead of two 
cylinders fused* together. The metatarsus in these quadrupeds 
exhibits JiaraHel changes. Now each of these metamorphoses 
occurs where th% cwTerent bones grouped together have no longer 
any different functions, but retain only a common function. The 
‘ feet of oxen and horses are used sold v for locomotion—are not put, 
like those of unguiculate mammals,'purposes fchich involve some 
relative movements of the metacarpals. Thus there directly or 
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indirectly results * single men of bone where the incident force 
is single. And for the inference that these facts have a causal 
connexion, we find confirmation throughout the entire class of birds, 
in the wings and legs of which, like segregations are found under 
like conditions. While this sfteet is passing through the 

press ( 1862 ), a fact illustrating this general truth in a yet more 
remarkable manner, has been mentioned to me by Prpf. Huxley, 
who kindly allows roe to make use of it whih* still unpublished by 
him. The Glyptodon, an extinct mammal found fossilized in South 
America, has long been known as a large uncouth creature allied 
to the Armadillo, but having a massive dermal armour consisting 
of polygonal plates closely fitted together so as. to make a vast box, 
inclosing the body in such way as effectually to prevent it from 
being bent, laterally or vertically, in the slightest degree. This 
box, which must have weighed, several hundred-weight, *fas sup* 
ported on the spinous processes of the vertebra*, and on the 
adjacent bones of the pelvic and thoracic arches. And the 
significant fact is that here, where the trunk vertebne were 
together exposed to the pressure of this )wavy dermal armour, at 
the same time that, by its rigidity, they were preserved from all 
relative movements, they were united into one solid, continuous 
bone. 

The formation and maintenance of a species, considered as an 
assemblage of similar organisms, is interpretable in an analogous . 
way. Already we have seen that in so far as the members of a 
species are subject to different sets of incident forces, they are 
differentiated, or divided into varieties. Here it remains to add 
that such of them as are subject to like sets of incident forces, are 
segregated. *For by the process of “ natural selection," there is a 
continual purification of each species from those individuals ^which 
depart from the common type in ways that unfit them for thp 
conditions of their existence. Consequently, there ‘is a continual 
leaving behind of those individuals which are inwall ivspe&ts fit for 
the conditions of their existence, and are thercfote nearly alike. 
The circumstances to which any species is exposed, being an 
involved combination of incident forces; and the members of the 
species having ambng them some that differ more than is usual 
from the average structure require^for meeting these forces; it 
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individuals from tberest, and to preserving the uniformity of the 
%it—keeping bjpjt* integrity u t specie* or variety. Just as the 
hanging autumn leaves ai^ picked oat by the wind from among 
•the green ones around them, qr just as, to use Prof. Huxley's simile, 
the smaller fragments pass through a sieve while the larger are 
* kept bach; to, the uniform incidence of external forces affects the 
members of a group*of organisms similarly in proportion as they 
•am similar, and differently in proportion as they are different; 
Said thus is ever segregating the like by parting the unlike from 
them. Whether these separated members are killed off, as mostly 
happens, or whether, as otherwise happens, they survive and! 
multiply into a distirftrt variety, in consequence of their fitness to 
certain partially-unlike conditions, matters not to the argument. 
The one case conforms to the law that the unlike units of an 
aggregate are sorted into their kinds and parted, when uniformly 
subject to the same incident forces, and the other to the converse 
law that the like units of an aggregate are parted and separately 
grouped when subject to different incident forces. And on con¬ 
sulting Mr. Darwin's remarks on divergence of character, it will be 
seen that the segregations thus caused tend ever to become mom 
definite. 

$ 167. Mental evolution under one of its leading aspects, we 
found to consist in the formation in the mind of groups of like 
objects and like relations—a diffesentiation of the various things 
originally confounded together in one assemblage, and an integration 
Of each separate order of things into a separate group (§ 153). 
Here it temains to point out that while unlikeness ia the incident 
foree% is the cause of such differentiations, likeness Ja the incident 
francos is the cause of such integrations. For what is the process 
through whidfrclassifications are established ? How do plants be¬ 
come grdbped in^he mind of the botanist into orders, genera, and 
species? Each plant he examines yields him a certain complex 
impre ssion. Nov% and then .he picks up. a plant like one before 
seen; and the recognition of it is the production in him of a like 
cosmacted group of sensations by a like connected group of attri¬ 
butes. TRiat j* to *sajp, them is produced throughout the nerve- 
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centres concerned, a combined set of changes, similar to a combined 
set of changes before produced. Considered analytically, each such 
combined set of changes is a combined set of molecular modifies* 
tions wrought in the affected part of, the organism. On every 
repetition of the impression, a like combined set of molecular 
modifications is superposed on the previous ones, and makes them 
greater: thus generating an internal plexus of modifications, with 
its answering idea, corresponding to these similar external objects. 
Meanwhile, another kind of plant produces in the brain of the 
botanist another set of molecular modifications—a set which does 
not agree with the one we have been considering, but disagrees 
IWith it; and by repetition of such there is generated a different 
idea answering to a different species. ' What, now, is the 

nature of this process expressed in general terms? On the one 
hand there are the like and unlike things from which severally 
emanate the groups of forces by which we perceive them. On the 
other hand, there are the organs of sense and percipient centres, 
through which, in the course of observation, these groups of forces 
pass. In passing through them the like groups of forces are 
segregated, or ‘separated from the unlike group of forces; and 
each such separate series of groups of forces, answering to*an 
external genus or species, produces an idea of the genus or species. 
We before saw that as well as a separation of mixed matters by 
the same force, there is a separation of mixed forces by the same 
matter; and here we may further see that the unlike forces so 
- separated, work unlike structural changes in the aggregate that 
separates them—structural changes each of which thus represents 
■ the integrated series of* motions that lias produced it. 

By a parallel process, the relations of co-existence and 'Sequence 
among impressions become sorted into kinds and grouped. When 
two phenomena that have been experienced in a given order are 
repeated in the same order, those nerve-centres whi£h before were 
affected by the transition are again affected; and sut'b molecular 
modification as they received from the first motion propagated 
through them is increased by this second motion. Each such 
motion works a structural alteration which, in conformity with the 
law set forth in Chapter IX, involves a diminished resistance to all 
such motions that afterwards occur. The segregation of these 
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successive motions (or more strictly, the permanently effective 
portions of them expended in overcoming resistance) thus becomes 
the cause of, and the measure of, the mental connexions between 
the impressions which the phenomena produced. Meanwhile, 
phenomena different from these, being phenomena that affect 
different nervous elements, will have their connexions severally 
represented by motions along other routes; and along each of 
these other routes, the nervous discharges will severally take place 
with a readiness proportionate to the frequency with which experi¬ 
ence repeats the connexions of phenomena. The classification of 
relations must hence go on pari passu with the classification of the 
related things. In common with the mixed sensations received 
from the external world, the mixed relations it presents cannot be 
impressed on the organism without more or less segregation of them 
resulting. And through this continuous sorting and grouping of 
changes or motions, which constitutes nervous function, there is 
gradually wrought that sorting and grouping of matter, which 
constitutes nervous structure. 

| 168. In social evolution, the collecting together of the like 
and the separation of the unlike by incident forces, is primarily 
displayed in the same maimer as we saw it to be among groups of 
Inferior creatures. The human races tend to differentiate and 
integrate, as do races of other living forms. 

Of the forces which effect and maintain the segregations of 
mankind, may first lx* named those external ones classed as physical., 
conditions. The climate and food which are favourable to an 
indigenous people, are more or less detrimental to an alien people 
of different bodily constitution. In tropical region* the northern 
race* caifnot permanently exist: if not killed off in the first 
, generation, they are so in the second, and, as in Inftia, can maintain 
their footing only by the artificial process of continuous immigra¬ 
tion anTt emignjjion. That is to say, the external forces acting 
equally on tilt inhabitants of a given locality, tend to expel all w ho 
are not of a certain type, and thus to keep up the integration of 
those who are of that type. Even among the Indian peoples them¬ 
selves the like happens: some of die hill-tribes being segregated by 
surviving the malarious influences which kill off Hindus who enter 
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their habitat. The other forces conspiring to produce these 
national segregations, are those mental ones shown in the affinities 
of men for others like themselves. Units of one society who are 
; obliged to reside in another, generally form colonics in the midst 
of that other—small societies of their own. Races which have 
been artificially severed, show tendencies to re-unite, ifcow though 
these segregations caused by the mutual likings of kindred men, do 
not seem due to the general principle enunciated, they really are 
thus interpretable. When treating of the direction of motion 
(| 80), it was shown that the actions performed by men for the 
satisfaction of their wants, are always motions along lines of 
least resistance. The feelings characterizing a member of a 
given race, are feelings which get complete satisfaction only among 
other members of that race—a satisfaction partly derived from 
sympathy with those haring like frelings, but mainly derived from 
the adapted social conditions which grow up where such feelings 
prevail. When, therefore, a citizen of any nation is, as we see, 
attracted towards others of his nation, the rationale is that certain 
agencies which we call desires move him in, the direction of least 
resistance. Human motions, like all other motions, being deter¬ 
mined by the distribution of forces, it follows Unit such segregations 
of races as are not produced by incident external forces are produced 
by forces which the units of the races exercise on one another. 

During the development of each society we see analogous segrega¬ 
tion caused in analogous ways. A few of them result from minor 
..natural affinities; but those mos£ important ones, which constitute 
political and industrial organization, result from the union of men 
in whom similarities have been produced by training. Men brought 
up to bodily Jabour are men who have had wrought in dhein a 
certain likeness—a likeness which, in respect of their powers of 
action, obscures and subordinates their natural differences. Those , 
trained to brain-work have acquired a certain other community of 
character which makes them, as social units, more^ike one *anothcr 
than like those trained to manual occupations. *Altd there arise 
class-segregations answering to these superinduced likenesses. 
More definite segregations take place among the more definitely 
assimilated members of any class'w ho are brought up to the same 
calling. Even where the necessities of their work forbid concen- 
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tration in one locality, as among artizans happens with masons and 
bricklayers, and among traders happens with the retail distributers, 
and among professionals happens with the medical men, there are 
not wanting Operative Builders' Unions, and Grocers' Societies, 
and Medical Associations, implying a process of sifting out and 
grouping. And where, as among*the manufacturing classes, the 
functions*discharged^lo not require the dispersion of citizens who 
are artificially assimilated, there is an aggregation of them in 
special localities, and a consequent increase in the definiteness of 
industrial divisions. If, now, we seek the causes of these 

segregations, considered as results of force and motion, ^fe are 
brought to the same general principle as before. This likeness 
produced in the memlxrs of any class or sub-class by training, is an 
aptitude Acquired by them for satisfying their wants in like ways. 
That is, the occupation has become to each a line of least resistance. 
Hence under that pressure which determines all men to activity, 
these similarly-modified social units are similarly affected, and tend 
to take similar courses, if, then, there be any locality which, either 
by its physical peculiarities or by peculiarities wrought on it 
during social evolution, is rendered a place where a certain kind of 
industrial action meets with less resistance than elsewhere, it follows 
from the law of direction of motion that those social units who 
have been moulded to this kind of industrial action, will be segre¬ 
gated by moving towards this place. If, for instance, the proximity 
of coal and iron mines to a navigable river, gives to Glasgow an 
advantage in the building of iron-sRips—if the total labour required 
to product* a given vessel, and get its equivalent in food and 
clothing is less there than elsewhere; there is mused a concen¬ 
tration o£ iron-ship builders at Glasgow, either bv* detention of 
the jfcpulation bom to iron-ship building, or by* immigration of 
those elsewhere engaged in it, or by both. The principle equally 
bolds where Jhe occupation is mercantile instead of manufacturing. 
Stock-brokcrs # chfster where the amount of effort to be severally 
gone through by them in discharging their functions, and obtaining 
their profits, is *less than elsewhere. A local exchange haring 
once been established, becomes a place where the resistance to 
be overcome by^each is smaller than in any other place; and, 
being like units under stress of common desires, pursuit of the 
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course of least resistance by each involves their aggregation around 
this place. 

Of course, with units so complex as those which constitute 
a society, and with forces so involved tfs those which move them, 
the resulting selections and separations must be far more en¬ 
tangled, or far less definite, than those we have hitherto considered. 
For men's likenesses being of various kinds, Jead to various orders 
of segregation. There are likenesses of disposition, likenesses of 
taste, likenesses produced by education, likenesses that result from 
class-habits, likenesses of political 1 feeling; and it needs hut to 
glanc^round at the caste divisions, the associations for philanthropic, 
scientific, and artistic purposes, the religious parties and social 
cliques, to see that some species of likeness among the component 
members of each body determines their union. Now the'deferent, 
segregative processes, by traversing one another and often by their 
indirect antagonism, more or less obscure one another's effects and 
prevent any one differentiated class from completely inlegrating. 
But if this cause of incompleteness be borne in mind, social 
segregations will be seen to conform to the same principle as all 
other segregations. 

§ 169. Can the general truth thus variously illustrated be deduced 
from the persistence of force, in common with foregoing truths? 
Probably the exposition at the beginning of the chapter will have 
led most readers to conclude that it can be so deduced. 

The abstract projjositions involved are these*:—First, that like 
units, subject to a uniform force capable of producing motions in 
them, will be moved to like degrees in the same direction. ^ Second, 
that like uniLs if exposed to unlike forces capable of .producing 
motion in them, will be differently moved—moved eithfer in 
different directions or to different degrees in the sagie direction.* 
Third, that unlike units if acted on by a uniform forcse capable of 
producing motion in them, will be differently qjoved—moved 
either in different directions or to different degrees in the same 
direction. Fourth, that the incident forces themselves must be 
affected in analogous ways: like forces falling on like units must 
be similarly modified by the conflict; unlike forces falling on 
like units must be dissimilarly modified; and like forces falling on 
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unlike units must be dissimilarly modified. These propositions 
may Ik* reduced to a still more abstract form. They all imply 
that in the actions and reactions of force and matter, an unlikeness 
in either of the factors necessitates an unlikeness in the effects, and 
that in the absence of unlik^ncss in either of the factors the effects 
must tie alike. 

When they me thus generalized, the dependence of these pro¬ 
positions on the jaVsistenee of force is obvious. Any two forces 
that are not alike, are forces which differ cither in their amounts 
or directions or both ; and by what is called the resolution of 
forces, it may be proved that this difference is constituted by 
the presence in the one of some force not present in the other. 
Similarly, any two an its or portions of matter which are unlike in 
size, fosm. weight, or other attribute, can be known as unlike 
only* through some unlikeness «n the forces they impress on us ; 
and hence this unlikeness a! no, is constituted by the presence in 
the one of some force or forces not present in the other. Such 
being the common nature of these unlikenesses, what is the 
corollary t Anv unlikeness in the incident forces, where the things 
acted on are alike, imi't generate a difference between the effects; 
since, otherwise, the differential force produces no effect, and force 
is not persistent. Any unlikeness in the things acted on, where 
the incident forces are alike, must generate a difference between 
the effects; since, otherwise, the differential force whereby these 
things are made unlike, produces no effect, and force is not per¬ 
sistent While, conversely, if the forces acting and the thing*, 
acted on are alike, the effects must be alike; since, otherwise, a 
differential effect can be produced without a differential cause, 
and force is not persistent. 

Thus "these general truths being necessary implications of the 
persistence of force, all the re-ifistri but ions above traced out as 
characterizing Evolution in its various phases, are also implications 
of the^>ersisteijfe of force. If, of the mixed units making up any 
aggregate, those of the same kind have like motions impressed on 
them by a uniform force, v*hile units of another kind are moved by 
this uniform force in ways more or less unlike the ways in which 
those of the Bret kind are moved, the two kinds must separate and 
integrate. If the units are alike and the forces unlike, a division 
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of the differently afferted units is equally necessitated. Thus there 
inevitably arises the demarcated grouping which we everywhere see. 
By virtue of this segregation, growing ever more decided while there 
remains any possibility of increasing it, pie change from uniformity 
to multiformity is accompanied by a change from indistinctness in 
the relations of parts to distinctness in the relations of |«irU. As 
we before saw that the transformation of the homogemwus into 
the heterogeneous is inferable from that ultimate truth which 
transcends proof; so we here see that from this same truth is 
inferable the transformation of an indefinite homogeneity into a 
definite heterogeneity. 
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EyriUIlHATlOX 

§ 170 . Towards what do these cl ranges tend? Will they go on 
for ever ? or will thcif lx* an end to them ? Can things increase in 
heterogeneity through all future timer or must there be a degree 
which the differentiation and integration of Matter and Motion 
cannot |ia.v» r Is it possible for this universal metamoq>hosis to 
proctn-d in the same general course indefinitely r or does it work 
towards some ultimate state admitting no further modification of 
like kind? The last vf these alternative conclusions is that to 
which we are inevitably driven. Whether we watch concrete 
pitJeesses, or whether we consider the question in the abstract, we 
are alike taflght that Evolution has an impassable limit. 

The re distributions of matter which go on around us are ever 
being brought to conclusions by the dissolution of the motions 
which effect them. The rolling stone parts with portions of its 
momentum to the things it strike*, iuul finally comes to rest; as 
do also, in like manner, the tarious things i‘ has struck. Descend¬ 
ing from the clouds and trickling over the* Earth's surface till it 
gathers *into brooks and rivers, water, still runnfcig towards a 
lower* level, is at last arrested by th$; rOsistAnce'of water that 

•has reached tlie lowest level. In the*lake or sea thu^wrhied, every 
agitation raised by a wind or tlnf, iiimtefslffn of*a'.solid Ixxly, 
propagates jtsel£«iround in waves' \ihich diminish a< tiifey widen, 
and gradually become lost to observation'in motion's communicated 
to the atmospluwe und the'matter on the sherds'. The impulse 
given by a player to a harp-string is transformed through its 
vibrations into aerial pulses; and these, spreading on all sides, and 
weakening as th&y spread, soon cease to be perceptible, and are 
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gradually expended in generating thermal undulation* that radiate 
into spare: each aerial pulse causing compression and evolution of 
heat. Equally in the cinder which falls out of the fire, and in the 
vast mass of molten lava ejected by f volcano, we see that the 
molecular agitation disperses itself, by radiation; » that the 
temperature inevitably sinks at, last to the same degree as that of 
surrounding bodies. The proximate rational* of the 

process exhibited under these several forint fies in the fact dwelt 
on when treating of the Multiplication of Effects, that motion* are 
ever being decomposed into divergent motions and these into 
re-divergent motions. Tlie rolling stone sends off the stones it 
hits in directions differing more or less from its own, and they do 
the like with the things they hit. Move v-ater or air, and the 
movement is quickly resolved into disja-rsed movements. •'Hie heat 
produced by pressure in a given direction diffuses itself by undula-* 
tions in all directions. That is to say, these motions undergo 
division and $ul>di vision, and by continuance of this process without 
limit they are, though never lost, gradually disMjuated. 

In all cases, then, there is a progress toward equilibrium. That 
universal co-existence of antagonist fort'es which, as we t»eforc saw, 
necessitates the universality of rhythm, ami which, as we before saw, 
necessitates the decomposition of every force into divergent forces, 
at the same time necessitates the ultimate establishment of a 
balance. Every motion, being motion under resistance, is continu¬ 
ally suffering deductions; and these unceasing deductions finally 
result in the cessation of the motion. 

The general truth thus illustrated under its simplest aspect, we 
must now look at under those more complex aspects it usually 
presents throughout Nature, In nearly ail cases, the motion of an 
aggregate is compound; and the equilibration of e&eh of its 
components, being carried on independently, does not affect thew 
rest The ship’s bell that has ceased to vibrate, still continues 
those vertical and lateral oscillations caused by t the ocean-swell. 
The water of a smooth stream on whose surface have*died away the 
undulations caused by a rising fish, moves as fast ps before towards 
the sea. The arrested bullet travels with undiminished speed round 
the Earth’s axis. And were the rotation of the Earth destroyed, 
there would not be implied any diminution of the Earth's move- 
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mcnt »ith respect to the Sun and other externa] bodies. So that 
to every case, lfhat we regard as equilibration is the disappearance 
of some one or more of the many movements a body possesses, 
while its other movements continue as before. That this 

process may be duly realized atmi the state of things towards which 
it tends fully understood, it will* be well here to cite a case in 
which sfe may wajeh this successive equilibration of combined 
movements more completely than we can do in those above 
instanced. Our end will lx>t Ik; served not by the most imposing 
but by the most familiar example. Ix*t us take that of a spinning 
top. \VI ten the string which has txa-n wrapped round a top's axis 
is violently drawn off, and the Jop falls on to the table, it usually 
hapjien.s that beside>*the rapid rotation two other movements are 
given#to*it. A slight horizontal momentum, unavoidably impressed 
on it when leaving the handle? carries it away bodily from the 
place on which it drops; and in consequence of its axis being more 
or levs inclined, it falls into a certain oscillation, described by 
the expressive though inelegant word ‘•wabbling." These two 
suliordinate motions, Variable in their proportions to each other 
and to the chief motion, are commonly soon brought to a close by 
s£[iarato processes of equilibration. The momentum which carries 
the top botlily along the table, resisted somewhat by the air but 
mainly bv the irregularities of the surface, shortly disappears ; and 
the top thereafter continues to spin on one spot. Meanwhile, in 
consequence of that opposition which the axial momentum of a 
rotating body makes to any change in the plane of rotation, (so 
beautifully exhibited by the gyroscope,) the •* wabbling ” diminishes, 
and like the other is quickly ended. The* minor motions having 
been dissipated, the rotatory motion, interfered *with only by 
atmospheric resistance and the faction of the .pivot, continues 
some time vyith such uniformity that the top appears stationary: 
there being thus temporarily established a condition which the 
French mat^ewAiticians have termed equilibrium mobile. It is 
true that when the velocity of rotation sinks below a certain point, 
new motions cofnmence ami increase till the top falls; but these 
are merely incidental to a case in which the centre of gravity is 
above the point of support. Were the top, having an axis of 
steel, to be suspended from a surface adequately magnetized. 
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the moving equilibrium would continue until the top became 
motionless, without any further change of attitude. * Now the 
facts which it behoves us here to observe arc these. First, that 
the various motions which an aggregate possesses are separately 
equilibrated: those which arc smallest, or which meet with the 
greatest resistance, or both, disappearing first; and leaving at last 
that which is greatest, or meets with least % resistance, *or both. 
Second, that when the aggregate has a movement of its parts with 
respect to each other which encounters but little external resistance, 
there is apt to Ik* established a moving equilibrium. Third, 
that this moving equilibrium eventually lapses into complete 
equilibrium. 

Fully to comprehend the process of equilibration, is not easy ; 
since we have simultaneously to contemplate various phaSc*®of it. 
The best course will Ik* to gland* separately at what we may con¬ 
veniently regard as its four different orders. The first 

order includes the comparatively simple motions, as those of pro¬ 
jectiles, which are not prolonged enough to exhibit their rhythmical 
character, hut which, being quickly divided ami subdivided into 
motions communicated to other portions of matter, are presently 
dissipated in the rhythm of ethereal undulations. In tRe 

second order, comprehending various kinds of ordinary vibration or 
oscillation, the implied energy is used up in generating a tension 
which, having become equal to it or momentarily equilibrated with 
it, thereupon produces a motion in the opj>osite direction that is 
• subsequently equilibrated in likt* manner: thus causing,a visible 
rhythm which is presently lost in in viable rhythms. The 

third order of equilibration, not hitherto noticed, obtains in those 
aggregates which continually receive as much energy as they expend. 
The steam-engine (and esjjeeialJy that kind which feeds its *own 
furnace and boiler) supplies an example. Here the tjuergy from 
moment to moment dissipated in overcoming the resistance of the 
machinery driven, is from moment to moment re-placed from the 
fuel; and the balance of the two is maintained ?>y a raising or 
lowering of the expenditure according to the variation of the 
supply: each increase or decrease in the quantity of steam, result¬ 
ing in a rise or fall of the engine’s movement, such as brings it to 
a balance with the increased or decreased resistance. This, which 
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we may fitly call the dependent moving equilibrium, should be 
specially noted j since it is one that we shall commonly meet with 
throughout various phases of Evolution. The equilibration 

to be distinguished ax of the fourth order, is the vulejtendent or 
perfect moving equilibrium. This we sec illustrated in the rhyth¬ 
mical motions of the Solar System, which, being resisted only by a 
medium qf inappreciable density, undergo no sensible diminution 
in such periods of tinte as we can measure. 

Something has still to lx* added. The reader must note two 
leading truths brought out by the foregoing exposition : the one 
concerning the ultimate, or rather the penultimate, state of motion 
which the processes dcscrilxd tend to bring about; the other 
concerning the concernitaut distribution of matter. This 

penultimate state of motion is the moving equilibrium, which tends 
to aris?- in an aggregate having compound motions, as a transitional 
state on the wav towards complete equilibrium. Throughout 
Evolution of all kinds there is a continual approximation to, and 
more or less complete maintenance of, this moving equilibrium. 
As in the Solar System .there has been established an independent 
moving equilibrium—an equilibrium such that the relative 
motions of its memlx-rs are continually so counterbalanced by 
op|K>sitc motions that the mean state of the aggregate never 
varies; so is it, though in a less distinct manner, with each form 
of dependent moving equilibrium. The state of things exhibited 
in the cycles of terrestrial changes, in the Iwilanotal functions of 
organic Ixxlies that have reached,their adult forms, and in the 
acting anfl re-acting processes of fully-devolojx-d societies, is 
similarly one characterized by compensating oscillations. The 
involved#combination of rhythms seen in each of these cases, has an 
average condition which remains practically constant during the 
(deviations ever taking place on opposite sides of it.* And the fact 
which we hAve hen- to observe is that, a-* a corollary from the 
general “law* of f equilibration, every evolving aggn-gnte must 
go on changing until a moving equilibrium is established; since, 
m we have secn tj an excess of force which the aggregate possesses 
in any direction must eventually be expended in overcoming 
resistances to change in that direction : leaving behind only those 
movements which* compensate one another, and so form a moving 
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%qttil!briuni. Respecting the structural state simultaneously 
reached, it roust obviously he one presenting an arr&qgcmentof forces 
that counterbalance all the forces to which the aggregate is subject 
So long as there remains a residual force in any direction—be it 
excess of a force exercised by the aggregate on its environment or 
of a force exercised hv its # environment on the aggregate, 
equilibrium does not exist; and therefore the re-distribution of 
matter roust con^nue. Whence it follows thftt tlie limit of hetero¬ 
geneity towards which every aggregate progresses is the fonnation 
of as many special i/at ions and combinations of jxvrts as there arc 
specialized and combined forces to lx; met 

§ 171. Those successively changed forms #vhich, if the nebular 
hypothesis be gran toil, must have arisen during the evolution of 
the Solar System, were so inary transitional kinds of moving* 
equilibrium, severally giving place to more enduring kinds. Thus 
the assumption of an oblate spheroidal figure by condensing 
nebulous matter was the assumption of a teinjiorary ami partial 
moving equilibrium among the component parts—a moving equi¬ 
librium that must have grown more settled as local conflicting 
movements were dissipated. In the fonnation and detach¬ 

ment of the nebulous rings which, according to this hypothesis, from 
time to time took place, we have instances of progressive equili¬ 
bration severally ending in the establishment of a complete moving 
equilibrium. For the genesis of each such ring implies a lialancing 
of that attractive force which the whole spheroid exercises on its 
equatorial portion, by that centrifugal force which the equatorial 
portion has acquired during previous concentration. So long as 
these two forces are not equal, the equatorial portion foKows the 
contracting mass ; but as soon as the second force ha/ increased 
up to an equality with the first, the equatorial portion can follow, 
no further and remains behind. While, however, the resulting 
ring, regarded as a whole, has reached a state of moving equilibrium, 
its parts are not balanced with resjxxt to one «anftther. As we 
before saw (§ 150) the probabilities against the maintenance of an 
annular form by nebulous matter, are great; from the instability 
of the homogeneous, it is inferable that nebulous matter so 
distributed will break up into portions, and eventually concentrate 
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Into »tingle mm, That is to say, the ring trill progress towards a 
moving equilibrium of a more complete kind, during the dissipation 
of that motion which maintained its particles in a diffused form ; 
leaving at length a planetary body attended perhaps by a group 
of minor bodies similarly ^produced, constituting a moving 
equilibrium that is all but perfect^ 

Hypothesis aside, the principle of equilibration is still per¬ 
petually illustrated *ln those minor changes o| state which the 
Solar System undergoes. Each planet, satellite, and comet, 
exhibits at its aphelion a momentary equilibrium between that 
force which urges it further away from its primary, and that force 
which retards its retreat. In like manner at perihelion a converse 
equilibrium is momentarily established. The variation of each 
orbit in qrceiitricity, and in the position of its plane, has similarly 
1 a limit at which tin* forces producing change in the one direction, 
arc equalled by those antagonizing it; and an opjmsite limit 
at which an opposite arrest takes place. Meanwhile, each of 
these simple perturbations, as well as each of the complex ones 
resulting from their combination, exhibits, besides the temporary 
equilibration at each of its extremes, a certain general equili- 
beat ion of coinjwnsating deviations on either side of a mean 
state. • That the moving equilibrium thus constituted 

tends in the course of indefinite time, to lapse into a complete 
equilibrium, bv the gradual decrease of planetary motions and 

* Sir David Brewster has cited with approval, a calculati >u by M. Bahinet, 
to the effect that on the hvj*-thesis of nebular genesis, the nutter of the Sun, 
when it fillet! the Earth's orbit, must have taken 31 si years t<> rotate ; and 
that therefore the hyjmihesin cannot U* tme. Tli!* r.ih-ul iti.-n of M. Bahinet 
may pair j-ff with that of M. (Amite who, contrariwise, made the time of this 
rotation agtpe very nearly with the Earth's jvrhxl v»t rev. lution round the Sun. 
For if J M. Comte’» calculation involved a pttUio prinneii, that of M. Bahinet 
*ia bases 1 on two asaumprs <m 1 h>Ui of which are gr-itu.toils, and one of them 
inconsistent w'ith the doctrine to Is* tested. He has evidently pnvcedtd >*n the 
current supposition qeflpeetuig tile Sun's internal density, which is not proved, 
and from which-he^e are reasons for dissenting ; and he has evidently taken 
for gnmted that all part* of the nehuloiis spheroid, when it tilled the Earth’s 
orbit, had the same angular velocity ; vhemu li (as is implied in the nebular 
hypothesis, rationally understood) this spheroid resulted from the concentration 
of widely-diffused matter, the angular veb-cuy of its equatorial portion would 
obviously be far greater than that of its central portion 



898 


THE KNOWAIU.E 


eventual integration of all the separate masses compo ing the 
Solar System, is a belief suggested by certain obqyrved r. ancUry 
retardations—a belief entertained by some of high authority. 'lhc 
received opinion that the appreciable diminution in the period of 
Encke’s cornet, implies a loss of momentum caused by resistance of 
the ethereal medium, commit} astronomers who hold it to the 
conclusion that this same resistance must cause a lass of •planetary 
motions—-a loss which, infinitesimal though it may lie in such 
periods as we can measure, will, if indefinitely continued, bring 
these motions to a close. Even should there be, as Sir John 

T • 

Herschel suggests, a rotation of the ethereal medium in the same 
direction with the planets this arrest, though immensely 
postponed, would not lie alwolutely pfeventwl Such an 
eventuality, however, must in any case Ik* so inconceivably- remote 
as to have no other than a speculative interest for us. * It is ' 
referred to Ik- re, simply as illustrating the still-continued tendenry 
towards complete equilibrium, through the still-contimird dis¬ 
sipation of sensible motion, or transformation of it into insensible 
motion. , 

But. there is another species of equilibration going on in the 
Solar System, wjtii which the human rare is levs remotwlv 
concerned. Tire tacit assumption that the Sun can -continue to 
give off an undiminished amount of light and heat through all 
future time is now abandoned. Involving as it does, under a 
disguise, the conception of power produced out of nothing, it is of 
the same order as th*. belief, which misleads |>er[>otunl-motion 
schemers. The spreading recognition of the truth that whatever 
force is manifested uinler one shape must previously have existed 
under anothqr shape, implies recognition of the truth that the 
force known to us in solar radiation-,, is the changed fori!i of*some 
other force of*which the Sun is the seat; and that, by the, 
emission of these radiations, this other force is being slowly 
exhausted. The force by which the Sun's substance* is drawn to 
his centre of gravity, is the only one which physical* laws warrant 
ns in concluding to be the correlate of the forces, emanating from 


him: the only assignable source for the insensible motions con- 
^jtuting solar light and heat, is the sensible motion which dis¬ 
appears during the concentration of the Sun’s mass. We before 



EQUILIBRATION 899 

saw jt to lx* ft corollary from the nebular hypothesis, that there 
is Mich a proposing concentration of the Sun's mass. . And here 
remains to lx added the further corollary, that just as in the case 
of the small members of ttys Solar System, the heat generated by 
concentration, once escaping rapidly, fans in each left a central 
residue which escapes but slowly; sp in. the case of that immensely 
larger m#ss forming the Sun, the immensely greater quantity of 
heat generated and still in process of rapid diffusion, must, as the 
concentration approaches its limit, diminish in amount, and eventu¬ 
ally leave but a relatively sm^ll interna! remnant. With 

or without the accompaniment of that hypothesis of nebular con¬ 
densation whence it naturally follows, the doctrine that the Sun is 
gradually losing his l^at, has now gained general acceptance ; and 
calculations have been made, both respecting the amount of beat 
and JTght already radiated, as compared with the amount that 
remains, and respecting the period during which active radiation 
will continue. Prof. Helmholtz estimates that since the time 
when, according to the nebular hypothesis, the matter composing 
the Solar System extended to the orbit of Neptune, there has been 
evolved by the arrest of sensible motion, an amount of heat 454 
times a# great as that which the Sun still has to give out. He 
also makes* an approximate estimate of the rate at which this 
remaining j^jth is living diffused: showing that a decrease of the 
Sun's diameter to the extent of TlVl l l0 g, would produce heat, at 
the present rate, for more than 2lXK) years; or in other words, 
that a contraction of 2 oh.ft°f his diameter, suffices to 
generate the light and heat annually emitted; and that thus, at 
the present rate of expenditure, the Sun's .diameter will diminish 
by sonuthing like a \j in the lapse of the next million years.* Of 
course th&*e conclusions are but rude approximations to the truth. 
JUntil quite recently, we have lx.*cn totally ignorant of the fun’s 
chemical exposition, and even now have obtained but a 
superficfal knowledge of it. We know nothing of his internal 
structure; anti ft is quite possible that the assumptions respecting 
central density, ymde in the.foregoing estimates, are wrong. But 

* See paper 44 On the Inter-action of Natural Forces," by Prof. Helmholtz, 
translated by Prof. Tyndall, and published in the Philosophical Magazine, 
supplement to Vo], ££!., fourth series. 
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no uncertainty in the data on which these calculations proceed, 
and no consequent error in the inferred rate at wlyeh the Sun is 
expending his reserve of energy, militates against the general 
proposition that this reserve of energy’ ij being expended, and must 
in time be exhausted. 

Thus while the Solar System,.if evolved from diffused mntter, haa 
illustrated the law of equilibration in the establishment of a mov¬ 
ing equilibrium ; and while, as at present constituted, it illustrates 
the law of equilibration in the j>erpetual twilancing of all its 
movements; it also illustrates this law in these processes which 
astronomers and physicists infer are still going on. Tlmt motion 
of masses produced during Evolution, is Ixing slowly rv-diffused in 
molecular motion of the ethereal medium; both through the 
progressive integration of each mass, and the resistance to its 
motion through space. Infinitely remote as may la* the state when 
all the relative motions of its masses shall lx? transformed into 
molecular motion, and all the molecular motion dissipated ; yet such 
a state of complete integration and complete equilibration, is that 
towards which the changes now going on throughout the Solar 
System inevitably tend. 

§ 172. A spherical figure is the one which can alone equilibrate 
the forces of mutually-gravitating molecules. If an aggregate of 
such molecules rotates, the form of equilibrium becomes a spheroid 
of greater or less oblate ness, according to the rate of rotation ; and 
it has been ascertained that the Earth is an oblate spheroid, 
diverging just as much from sphericity as is requisite to counter¬ 
balance the centrifugal force consequent on its velocity round its 
axis. That is to say, during the evolution of the Earth, tfoere has 
been reached an equilibrium of those forces which affect its general 
outline. The only other equilibration which the Earth as 

a whole can exhibit is the loss of its rotation; and that any such 
loss is going on we have no direct evidence. It h«,s been contended, 
however, by Prof. Helmholtz und others, that inappibciable as may 
be its effect within known periods of time, the friction of the tidal 
wave must be diminishing the Earth’s motion round its axis, and 
must eventually destroy it. Now’ though it seems an oversight to 
say that the axial motion can thus be destroyed, since the extreme 
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effect, to be reached only in infinite time, would be an extension of 
the Earth's day to the length of lunation; yet it seems clear that 
this friction of the tidal wave is a real cause of decreasing rotation. 
Slow as its action is, we, must recognize its retarding effect as 
exemplifying, under another form, the universal progress towards 
equilibrium.* 

It is ncvdlcvi to show in detail how those movements which the 
Sun’s rays generate* in the air and water on the Earth’s surface, 
and through them in the Earth's solid substanct.f one and all 
teach the same general truth. ^Evidently the winds and waves and 
streams, as well as the denudations and depositions they effect, 
illustrate on a grand scale, and in endless modes, that gradual 
div.iputit>n of motions described in the first section, and the conse¬ 
quent tendency towards a Iwilanced distribution of forces. Each of 
these sensible motions, produced directly or indirectly by integra¬ 
tion of tliose insensible motions communicated from the Sun, 
becomes divided and subdivided into motions less and less sensible; 
until bv gnu 1 uni or sudden arrest of each, and production of its 
equivalent in molecular motion, there is an escajx* of it into space 
in the shape of thermal undulations. In their totality, 

these complex motions constitute a dependent moving equilibrium. 
As we lx*f«re saw there is traceable throughout them an involved 
combination of rhythms. The unceasing circulation of water from 
the ocean to the land and from the land baek to the ocean, is a 
tvjx* of these various compensating actions which, in the midst of 
all the irregularities produced by A heir mutual interferences, main¬ 
tain an average. And in this, as in other equilibrations of the 
third order, we see that the energy ever in* course of dissipation, is 
ever renewed from without : the rises and falls in the supply being 

* fiThile the effect of tidal friction i# to decrease the rate of rotation, the 
still-continue^ contraction of the Karth has the effect of increasing its How 
the difference between these conflicting effects is to be ascertained it is not easy 
to see. 

t Until I mfrntly consult'd his Outlines of Astronomy on another question, I 
was not aware that so far liack as 1833, Sir John Herschel had pointed out that 
“the sun's rays aA the ultimate source of almost every motion which takes 
place on the surface of the earth.” He expressly includes geologic, meteoro- 
logic, and vital actions; as also those which we produce by the combustion 
of coal. 
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ba la nc ed by rises and falls in the expenditure ; as witness the 
variations of meteorologic activity in northern wije* caused by 
changes of the seasons. But the Ou t it chiefly concerns us to 

note is that this process must go on bringing tilings ever nearer to 
complete rest. These mechanical njovemcnU, me teory logic and 
geologic, which are continually being equilibrated, both tem¬ 
porarily by counter-movements and permanently by the dissipation 
of such movements and counter-movements, wifi slowly diminish as 
the quantity of force received from the Sun diminishes. As the 
insensible motions prorogated to u.% from the centre of our system 
become feebler, the sensible motions hen’ pnxlucvd bv them must 
decrease; and at. that remote period when the solar heat has ceased 
to be appreciable, there will no longer lx* any appreciable rc-distri- 
butions of matter on the surface of our planet. 

Thus, all terrestrial changes tin* incidents in tlie course of 
cosmic&l equilibrution. It was lx fore jtointed out (§ (19), Unit 
of the incessant alterations which the Earth's crust and atmosphere 
undergo, those which are not due to the action of the moon and to 
the still-progressing motion of the Earth's .substance towards its 
centre of gravity, are due to the still-progressing motion of the 
Sun's substance towards its centre of gravity. Here it is to b* 
remarked that this continuance of integration in the Earth and in 
the Sun is a continuance of that transformation of sensible motion 
into insensible motion which we have seen ends in equilibrium; 
and that the arrival in each case at the extreme of integration, is the 
arrival at a state in which no more sensible motion remains to be 
transformed into insensible motion—a state in which the forces 
producing integration and the forces opposing integration have 
become equal. • 

| 173. Every living body exhibits, in a four-fold form, the 
process we are tracing out—-exhibits it from moment*to moment 
in the balancing of mechanical forces; from hour. £o hour in the 
balancing of functions ; from year to year in the chahges of state 
that compensate changes of conditions ;• and finally; in the arrest of 
vital movements at death. Let us consider the facts under these 
heads. 

The sensible motion constituting each visible action of an animal 
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*» Mxm brought to * close by some opposing force within or 
without the ymimal. When a man's arm is raised, the motion 
given to it is antagonised partly by gravity mid partly by the 
internal resistances conse<picnt on structure ; and its motion, thus 
suffering continual deductiop, ends when the arm has reached a 
position at which the forces are equilibrated. The limits of each 
systole and diastole of the heart severally show us a momentary 
equilibrium between muscular .strains that produce opposite move¬ 
ments; and each gush of blood has to be immediately followed 
by another, because the rapid dissipation of its momentum would 
otherwise soon bring the circulating mass to a stand. As much in 
th e actions and reactions going on among the internal organs, as 
in the mechanical Iwdancing of the whole body, there is at every 
imlapt « progressive equilibration of the motions at every instant 
produced. Viewed in fheir aggregate, and as forming a 

series, tile organic functions constitute a dependent moving equi¬ 
librium—a moving equilibrium of which the motive power is 
ever being dissipated through the special equilibrations just 
exemplified, and is being renewed by the taking in of addi¬ 
tional motive power. The force stored up in food continually adds 
tt> the momentum of the vital actions, as much as is continually 
deducted from them by the forces overcome. All the functional 
movements thus maintained are rhythmical (§ So); by their 
union compound rhythms of various lengths and complexities are 
produced; ami in these simple and compound rhythms, the process 
of equilibration, besides being extvnplificd at each extreme of even* 
rhythm, is seen in the habitual preservation of a constant mean, 
and in the re-establishment of that mean* when accidental causes 
have produced divergence from it. When, for instance, there is a 
great expenditure of muscular energy, there arises a reactive 
demand on those stores of energy which are laid up in the fqjin of 
consumable matter throughout the tissues: increased respiration 
and increased circulation aid an extra genesis of force, that counter¬ 
balances the extra dissipation of force. This unusual transformation 
of molecular motion into* sensible motion is'.presently followed 
by an unusual absorption of food—the source of molecular 
motion; and the prolonged draft on the spare capital in the 
tissues is followed by a prolonged rest, during which the abstracted 
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capital is replaced. If the deviation from the ordinary course of 
the functions has been so great as to derange them, a* when violent 
exertion produces loss of appetite and loss of sleep, an equilibration 
is still eventually effected. Pro\ iding ti»e disturlwnce is m>t such 
as to destroy* life (in which case complete ctpiilihration ig suddenly 
effected), the ordinary balance as by and by re-established : the 
returning appetite is keeh in proportion as the waste Has lx*en 
large; while sleep, sound and prolonged, malic* up for previous 
wakefulness. Not even when some extreme excess lias wrought a 
derangement that is never wholly rectified i* there an exception to 
the general law ; for in such cases the cycle of the functions is, 
after a time, equilibrated al>out a new mean state, which thence¬ 
forth becomes the normal state of the individual. Ami tin's 
process exemplifies in a large way what physicians call*thy vis 
ynpdicatrij- naturce. The thiiVl form of equilibration displayed 

by organic bodies, is a sequence of that just illustrated. When, 
through a change of habit or circumstance, an organism is 
permanently subject to some new influence, or different amount of 
an old influence, there arises, after more or less disturbance of the 
organic rhythms, a balancing of them around the new average 
condition produced by this additional influence. If the quantity 
of motion to be habitually generated by a muscle becotftes greater 
than before, its nutrition becomes greater than la-fore. If the 
expenditure of the muscle bears to its nutrition a greater ratio 
than expenditure bears to nutrition in other parts of the system, 
the excess of nutrition becomes sach that the muscle grows. And 
the cessation of its growth is the establishment of a balantv between 
the daily waste and the* daily repair. The like is manifestly the 
case with ail orgauic modifications consequent on changes of 
climate or food- , If we see that different mode of life is ’followed, 
after -a period of derangement, by some altered condition of the 
system—if we see that this altered condition, becoming by' and by 
established, continues without further change; we.lmtfe no alter¬ 
native but to say that the new forces brought to*bear on the 
system, have been compensated by the* opposing forces they have 
evoked. And this is the interpretation of the process called 
adaptation. Finally, each organism illustrates the law in 

the ensemble of its life. At the outset it daily abltorhs, under the 
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form of food, an Amount of force greater than it daily expends; 
ami the surplug is daily equilibrated by growth. As maturity is 
approached this surplus diminishes; and in the perfect organism 
the day's absorption of lahyit energy balances the day's expenditure 
of actual ymrgv. Tliat is to say, during adult life there is 
continuously exhibited an equilibriym of the third order. Eventu¬ 
ally, tliealail v loss logins to outbalance *the daily gain, and there 
results a diminishing amount of functional action; the organic 
rhythms extend less and less widely on each side of the medium 
state; and there finally comes Jhnt complete equilibrium we call 
death. 

The ultimate structural state accompanying that ultimate 
functional state towels which an organism tends may be deduced 
from on* of the propositions set down in the opening section of 
this clmpter. We saw that thedimit of heterogeneity is reached 
when the equilibration of any aggregate Is/comes complete—that 
the re-distribution of matter can continue so long only as there 
continues some motion unlxalanced. What is the implication in 
the cam? of organic aggregates r We have seen that to maintain 
the moving equilibrium of one. requires the habitual genesis of 
internal forces corresponding in number, directions, and amounts to 
the external incident forces— as many inner functions, single or 
conihimd, as there are single or combined outer actions to be met. 
But functions are the correlatives of organs ; amounts of functions 
are, other things equal, the correlatives of sizes of organs ; and 
combinations of functions the correlatives of connexions of organa. 
Hence the structural complexity accompanying functional equi¬ 
librium is definable as one in which there*are as many specialized 
parts {is are capable, separately ami jointly, of counteracting the 
separate and joint forces amid whiter the organism exists. And this 
is the limit of organic heterogeneity ; to which Man has approached 
more nearly than any other creature. 

Groups <Sf organisms display this universal tendency towards a 
balance verf obviously. In § 8a, every species of plant and 
animal was shgwn to lie, perpetually undergoing a rhythmical 
variation in number—now from abundance of food or absence of 
enemies rising above its average; and then, by a consequent 
scarcity of food*or abundance of enemies, being depressed below its 
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average. And here we have to observe that there is thus main¬ 
tained an equilibrium between the sum of those forces which result 
in the increase of each race, and the sum of those forces which 
result in its decrease. Either limit of vjuriation is a point at which 
the one set of forces, before in excess of the other, is counter^ 
balanced by it. And amid these oscillations, produced by their con¬ 
flict, lies that average number of the species at which its expansive 
tendency is in equilibrium with surrounding Tvpressive tendencies. 
Nor can it be questioned that this balancing of the preservative 
and destructive forces which we s^e going on in every race must 
necessarily go on. Increase of number cannot but continue until 
increase oi' mortality stops it; and decrease of number cannot but 
continue until it is either arrested by fertility or extinguishes the 
race entirely. 

§ 174. The equilibrations of those nervous actions, which 
constitute the obverse face of mental life, may be classified in like 
manner with those which constitute what we distinguish as bodily 
life. We may deal with them in the same order. 

Each pulse of nerve force from moment to moment generated, 
(and it was explained in § 86 that nerve currents are net 
continuous but rhythmical,) is met by counteracting forces, in 
overcoming which it is dispersed and equilibrated. Such part of it 
as does not work mental changes works bodily changes—contrac¬ 
tions of the involuntary muscles the voluntary muscles, or both; 
as also some stimulation of secreting organs. That the move¬ 
ments thus initiated are ever lxung brought to a close by the 
opposing forces they evpkc, we have just seen; and here it is to 
be observed that the like holds with the cerebral changes thus 
initiated. The arousing of a ^thought or feeling involves* the 
overcoming of a‘certain resistance; instance the fact that, where, 
the association of mental states has not been frequent, a sensible 
effort is needed to call up the one after the other; instance the 
fact that during nervous prostration there is a comparative in¬ 
ability to think—the ideas will not follow one apother with the 
ordinary rapidity ; instance the converse fact that at times of 
unusual energy, natural or artificial, thinking is easy, and more 
numerous, more remote, or more difficult connexions of ideas are 
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formed. That is to say, the wave of nervous energy each instant 
generated propagates itself throughout body anti brain, along 
those channels which the pawing conditions render lines of least 
resistance; and, spreading widely in proportion to its amount, 
etuis only ^hen it is equilibrated by the resistances it everywhere 
meets. If we contemplate ipcntal actions as extending over 

hours and days, we discover equilibration.^ analogous to those hourly 
and daily established*among the btxlily functions. This is seen in 
the daily alternation of mental activity and mental rest—the forces 
expended during the one lieing compensated by the forces 
acquired during the other. It is also seen in the recurring rise and 
fail of each desire. F.ach desire reaching a certain intensity is 
equilibrated either \w expenditure of the energy it embodies in 
the desired actions, or, less completely, in the imagination of such 
actions: the process ending in that satiety, or that comparative 
quiescence, forming the opjiosite limit of the rhythm. And it is 
further manifest under a two-fold form on occasions of intense 
jov or grief. Each paroxysm, expressing itself in violent actions 
ami loud sounds, presently reaches an extreme whence the counter¬ 
acting forces produce return to a condition of moderate excitement; 
and the successive paroxysms, finally diminishing in intensity, end 
in a nientaK'quilibrium either iike that before existing, or having 
a partially different medium state. Hut the kind of mental 

equilibration to lie e.sjxrially noted, is that shown in the establish¬ 
ment of a correspondence lietwcen relations among our ideas and 
relations in the external world* Each outer connexion of 
phenomena which we fire capable of perceiving, generates, through 
accumulated experiences, an inner connexion of mental states; 
and the*result towards which this process tends is the formation 
of a mental connexion having a restive strength Jthat answers to 
the relative constancy of the physical connexion represented. In 
conformity with the general law that motion pursues the line of 
least resistance, f and that, other tilings equal, a line once taken 
by motion is •made a line which will be more readily taken by 
future motion, have see* that the ease with which nervous 
impressions follow one another is, other things equal, great in 
proportion to the numlxr of times they have been repeated 
together in experience. Hence, corresjMinding to such an invariable 
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relation as that between the resistance of an object and some 
extension possessed by it, there Arises an indissoluble connexion 
in consciousness; and this connexion, being as absolute internally 
as the answering one is externally, undergoes no further change— 
the inner relation is in perfect equilibrium with the ou^er relation. 
Conversely, it hapjxms that, answering to such uncertain relations 
of phenomena as that between clouds and rain, there arise*relations 
of ideas of like uncertainty; and if, under given aspects of the 
sky, the tendencies to infer fair or foul weather correspond to 
the frequencies with which fail* or foul weather follows such 
aspects, the accumulation of experiences has iialanccd the mental 
sequences and the physical sequences. When it is remembered 
that between these extremes there are countless orders of external 
associations having different degrees of constancy, and that during 
the evolution of intelligence 'there arise answering internal 
associations having different degrees of cohesion ; it will l>e seen 
that there is a progress towards equilibrium between the relations 
of thought and the relations of things. The like general 

truths are exhibited in the process of moral*adaptat ion. which is a 
continual approach to equilibrium Ixrtween the emotions and the 
kinds of conduct required by surrounding conditions. Just *os 
repeating the association of two ideas facilitates the* excitement 
of the one by the other, so does each discharge of feeling into 
action render the sul**equcnt discharge of such feeding into such 
action more easy. Thus it happens that it an individual is placed 
permanently in conditions which demand more action of a special 
kind than has before been requisite, or than is natural to him—- 
if by every more frequent or more lengthened performance of it 
under such pressure the resistance is somewhat diminish^!; then, 
clearly, there is t an advance towards a balance lx*tween the demand 
for this kind of action and the supply of it. Either in himself 
or in his descendants continuing to live under these conditions, 
enforced repetition must at length bring about $ sthte in which 
this mode of directing the energies will be no more repugnant than 
the other modes previously natural to< the race. * Hence the limit 
towards which emotional modification perpetually tends, is a com¬ 
bination of desires that correspond to the various orders of activity 
which the circumstances of life coll for. In aofuired habits, and 
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in the moral differences of races and nations that are produced 
by habits maintained through successive generations, we have 
illustrations of this progressive adaptation, which can cease only 
with the establishment of equilibrium between constitution and 
conditions. 

§ 175. Each society displays the process of equilibration in the 
continuous adjustment of its population to its means of subsistence. 
A tribe of men living on wild animals and fruits, is manifestly, like 
ever}- tribe of inferior creatures* always oscilliating from side to 
side of that average number which the locality can support. 
Though, by artificial production unceasingly improved, a superior 
race continually alters ihe limit which external conditions put to 
t population ; yet there is ever a checking of population at the 
tetnjMjrary limit reached. It is trA that where the limit is being 
rapidly changed, as among ourselves, there is no actual stoppage : 
there is only a rhythmical variation in the rate of increase. But 
in noting the causes of this rhythmical variation—in watching how, 
during |x*ri<xis of abundance, the proportion of marriages increases, 
and how it decreases during periods of scarcity, it will be seen that 
thi» expansive force pnxluces unusual advance whenever the repres¬ 
sive force diminishes, and x-irr xvr.fd ,• and thus there is as near a 
balancing of the two as the changing conditions permit. 

The internal acti«»ns constituting social functions, exemplify the 
general principle no less dearly. Supply and demand are con¬ 
tinually being adjusted throughout all industrial processes ; and this 
equilibration is interpret able in the same way as preceding ones. 
The pnxluction and distribution of a commodity imply a certain 
aggregate of forces causing sjxvial kinds mul amounts of motion. 
The price of this commodity is tlje measure of a certain other 
aggregate of forces c\[x.’nded in other kinds and amounts of mqtion 
by the lalxmrer who purchases it. And the variations of price 
represent a /hytjimical balancing of these forces. Every rise or 
fall iu the valde of a particular security, implies a conflict of forces 
in which some,, becoming •temporarily predominant, cause a 
movement that is presently arrested, or equilibrated, by the 
increased opposing forces; and amid these daily and hourly oscilla¬ 
tions lies a more Slowly-varying medium, into which the value ever 
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tends to settle, and would settle but for the constant addition of 
new influences. As in the individual organism so in the 

social organism, functional equilibrations generate structural 
equilibrations. When on the workers in any trade there comes an 
increased demand, and when in return for the increased supply 
thev receive an amount of otluy commodities larger than before— 
when, consequently, the ft'.sistanres overcome by them in sustaining 
life are less than the resistances overcoirit* by other workers; 
there results a flow of other workers into this trade. This flow 
continues until the extra dem&ndjs met. and the wages so far fall 
that the total resistance overcome in obtaining a livelihood is 
as great in this newly-adopted oceujwition as in the occupations 
whence it drew recruits. The cxvurrvnce of motion along Uni's of 
least resistance was before shown to necessitate the growth of 
population in those places wifi-re the lalnmr required for self- 
main ten tuicc is the smallest ; and hen* we further see tliat those 
engaged in any such advantageous locality must multiply till there 
arises an approximate balance between its population and that of 
others available by the same citizens. .. 

These various industrial actions and reactions constitute a 
dependent moving equilibrium like that main taint'd among Jthe 
functions of an individual organism, and like it tends ever to 
become more complele. During early stages of social evolution, 
while the resources of the locality inhabited are unexplored and the 
arts of production undeveloped, there is never anything more than 
a temporary and partial balancing of such actions. Hut when a 
society approaches the maturity of that type on which it is organ¬ 
ised, the various industrial activities settle down into a compara¬ 
tively constant state. Moreover, advance in organisation,*^ well as 
advance in growth, is conducive to a better equilibrium of industrial 
functions. While the diffusion of mercantile information is slo,w 
and the means of transport deficient, the adjustment of supply to 
demand is very imperfect. Great over-production of a commodity 
is followed by great under-production, and there results a rhythm 
having extremes that depart widely from the mepn state in which 
demand and supply are equilibrated. But when good roads are 
made and there is a rapid diffusion of printed or written intelligence, 
and still more when railways and telegraphs come into existence— 
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when the periodic*! fair* of early days grow Into weekly markets, 
and tJh**e into d|Uly market*, time i* gradually produced a better 
luUarwe of production and consumption ; the rapid ow-illations of 
price within narrow limits onset*, her *ide of a nunparatmlv uniform 
mean indicate * near approm ^ to equilibrium. Evidently 

this industrial progrrw* lw f»*r it- l*m:t that which Mr. Mill has 
called ** the stationary state." When [*opfllation shall Iwvc Isrcomt: 
dense user all habitable part- «>f the globe ; when the jsources of 
every region have been fully explored ; and when the productive 
arts admit of no further improvements; there must result an 
almost complete lwlanoe, both la-tween the fertility and mortality 
in each society, avid lx.-tween its producing and consuming 
activities. Each society will exhibit only minor deviations from 
its average numlx-r, and the rhythm of its industrial functions will 
go on from day to day and ydlr to year with comparatively 
insignificant perturbations. 

One other kind of social ecpiilibmtion has still to be con¬ 
sidered:— that which results in the establishment of governmental 
institutions, and which becomes complete as these institutions 
fall into harmony with the desires of the people. Those aggressive 
impulses inherited from the pre-social shite—those tendencies to 
seek self-satisfaction regardless of injury to other beings, which are 
essential to a predatory life, constitute an antisocial force tending 
ever to cause conflict and separation. Contrariwise, those desires 
which can be fulfilled only by co-operation ami those which find 
satisfaction through intercourse with fellow-men, as well as those 
resulting in what we call loyalty, are forces tending to keep the 
units of a society together. On the one lmnd, there is in each 
man moye or less of resistance against restraints imposed on his 
actions by other men—a resistance which, tending^ ever to widen 
each man's sphere of action, and reciprocally to limit the spheres 
of action of* other men, constitutes a repulsive force mutually 
exercised by *the members of a social aggregate. On the other 
hand, the general sympathy of man for man and the more special 
sympathy of each .variety of *nan for others of the same variety, 
together with allied feelings which the social state gratifies, act as 
an attractive force, tending ever to keep united those who have a 
common ancestry^ And since the resistances to be overcome in 



THE KNOWABLE 


41* 

satisfying the totality of their desires when living separately, are 
greater than the resistances to be overcome in satisfying the 
totality of their desires when living together, there is a residuary 
force that prevents separation. Like />ther opposing forces, those 
exerted by citizens on one another produce alternating movements 
which, at first extreme, undergo gradual diminution on the way 
to ultimate equilibrium? In small undeveloped societies, marked 
rhythms result from these conflicting tendencies. A tribe that 
has maintained its unity for a generation or two reaches a size at 
which it will no longer hold together; and, on the occurrence 
of some event causing unusual antagonism among its meinl>ers, 
divides. Each primitive nation exhibits wide oscillations between 
an extreme in which the subjects are under rigid restraint, and an 
extreme in which the restraint fails to prevent rebellion and 
disintegration. In more advamvd nations of like type, we always 
find violent actions and reactions of the same essential nature: 
“despotism tempered by assassination," characterizing a political 
state in which unbearable repression from time to time brings 
about a bursting of bonds. Among ourseh r- the conflicts between 
Conservatism (which stands for the restraints of society over the 
individual) and Reform (which stands for the liberty of 4he 
individual against society) fall within slowly approxinmting limits; 
so that the temporary predominance of either produces a less 
marked deviation from the uu-dium state—a smaller disturbance 
of the moving equilibrium. 

Of course in this case, as in preceding cases, there is involved a 
limit to the increase of heterogeneity. A few pages back, it was 
shown that an advance in mental evolution is the establishment of 
some further internal action corresponding to some furtheV external 
action. We inferred that each such new function, involving some 
new, modification of structure, implies an increase of heterogeneity; 
and that thus, increase of heterogeneity must go oh while there 
remain any outer relations affecting the organism which are 
unbalanced by inner relations. Evidently the like must simul¬ 
taneously take place with society. Each increment of heterogeneity 
in the individual implies, as cause or consequence, some increment 
of heterogeneity in the arrangements of the aggregate of 
individuals. And the limit to social complexity can be reached 
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only with the establishment of the equilibrium, just described, 
between social and individual forces. 

i 

§ 17(1. Here presents itself a final question, which has probably 
been taking shape in the minds of many while reading this 
chapter. “ If Evolution of everv kind is an increase in complexity 
of structure and function that is incidental to the universal 
process of equilibration, and if equilibration must end in complete 
rest, what is the fate towards which all things tend ? If the 
Solar System is slowly dissipating its energies—if the Sun is losing 
his heat at a rate which will tell in millions of years—if with 
decrease of the Sun's radiations there must go on a decrease in the 
activity of geologic and meteorologic processes as well as in the 
quantity, of vegetal and animal life—if Man and Society are 
similarly dependent on this supj.ly of energy which is gradually 
coming to an end; are we not manifestly progressing towards 
omnipresent death r" 

That such a state must lx* the outcome of the changes every¬ 
where going on seems bevnnd doubt. Whether any ulterior 
process mav reverse these processes and initiate a new life is a 
question to lx* considered hereafter. For the present it must 
suffice that the end of all the transformations we have traced is 
quiescence. This admits of a priori proof. The law of equili¬ 
bration, not less than the preceding general laws, is deducihle from 
tile ultimate datum of consciousness. 

Tile forces of attraction and repulsion Ix-ing, as shown in § 74, 
universally co-existent, it follows that all motion is motion under 
resistance: either that exorcised on the moving IxxJy by other 
bodies, oh that exercised bv the medium traversed. There are two 
corollaries? The first is that deductions perpetually made by the 
qpmmunication of motion to that which resists cannot but bring 
the motion "of the Ixxlv to an end in a longer or shorter time. 
The second i.) that the motion of the laxly cannot cease until these 
deductions destroy it. In other words, movement must continue 
while equilibration is incomplete, and equilibration must eventually 
become complete. Both these are manifest deductions from the 
persistence of force. Hence this primordial truth is our warrant 
for the conclusions that the changes which Evolution presents 
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cannot end until equilibrium is mdhed, and that equilibrium must 
at last be reached. 

At the same time it follows that in every aggregate having 
compound motion*, there results a comparatively early dissipation 
of the motions which are smaller and much resisted, followed bv 

% it w 

long continuance of the larger jmd less resisted motions ; and that 
so there arise moving equilibria. Hence, also, may lie inferred the 
tendency to conservation of such moving equilibria. For any new 
motion given to the parts of a moving equilibrium by a disturbing 
force, must either lie such that it*cannot lie dissipated before the 
pre-existing motions, in which case it brings the moving cqui- 
lihrium to an end; or else it must lie stub that it can lie dissipated 
before the pre-existing motions, in whfeh case the moving 
equilibrium is re-established. 

Thus from the persistence of farce follow, not only the various 
direct and indirect equilibrations going on around, together with 
that cosmical equilibration which brings Evolution under all it* 
forms to a close, but also those less manifest equilibrations shown 
in the re-adjustments of moving equilibria that have been 
disturbed. By this ultimate principle is provable the tendency of 
every organism, disordered by some unusual influence, to return,to 
a balanced state. To it also may lie traced the cajiacity, 
possessed in a slight degree by individuals and in a greater degree 
by species, of becoming adapted to new circumstances. And not 
less does it afford a basis for the inference that there is a gradual 
advance towards harmony between man's mental nature and the 
conditions of his existence. 
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DISSOLUTION 

§ 177. Wiiks, in Chapter XII. we glanced at the cycle of 
changes through which cvcrv existence pact's, in a “-hurt time or 
in a ti mo. almost infitiitt-ly long—when the opposite re-distributions 
of matter and motion implied «wore severallv distinguished as 
Evolution and Dissolution, the natures of the two, and the 
conditions under which they respectively w'cur, were specified in 
general terms. Since then, we have contempl ited the phenomena 
of Evolution in detail.•mil have followed th* ui out to those states 
of equilibrium in whieh they all end. To complete the argument 
w(fcimi't now contemplate, somewhat more in detail than lx-fore, 
the complementary phenomena of Dissolution. Not, indeed, that 
we need dwell long on Dissolution, which has none of those various 
and interesting aspect* which Evolution presents; but something 
more must lx- said than has \et l>een said. 

It was shown that neither of the*- two antagonist processes goes 
on unqualified bv the other, and that a movement towards either 
is A differential result of the eonllict Itetweon them. An evolving 
Aggregate, while on the average losing motion and integrating, is 
aiw-Av*, in*one wav or other, mailing some motion and to that 
(fftent disintegrating; and after the integrative changes Jiave 
ceased to pmlominate. the reception of motion, though {>erpetuallv 
checked bv its dissipation, constantly tends to produce a reverse 
transformatiof?, and eventually does produce it. When Evolution 
has run its coyrsc — when, an aggregate has reached that 
equilibrium in which its changes end, it thereafter remains subject 
to all actions it) its environment which may increase the quantity 
of motion it contains, and which in course of time /in' sure, either 

27 
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slowly or suddenly. to gm- its r*rts h <xor** «»f mr» mt a« will 
cause disintegration. According as »i* *jw, it* nati ami its 
conditions determine. it* dissolution *«■•»' T‘ !rk5 > «r may 1*. 

indefinitely delay ed—m«*Yur in a f«w dav* «»r mav U p*«tp * 4 ,d 
for billion’s of ymrv H.*d .\}>^1 a*.!* »* »>* *->• “ n,ti, V» »'*t 

si 111 pi V of its immediate n. • *’■■* of a l T »m •** et.ry- 

where in motion, the tnv./mu**. at I.v>t owe when. either-done or 
in company with surrour.img aggregate*, it W it* part* d;»pm*d. 

The process* of dissolution so caused we Here to look at at 
it takes place in aggregate* of tit drier, t iwlrtv The ctmrwe of 
change being the rvverw* of thin* hitherto trawl, we mat property 
take the illustrations of it in the tr*rr« ontrr- tscginiwng with 
the most complex and ending with the mmt aim pie. 


§ 178. Regarding the evolution of a society a* at cmee an 
increase in the number of indisiduaN int* grated into a rorj*orate 
body, an increase in the maws and u::< !;rs of the parts into 
which this corporate body divides, as w<!i as of the actions called 
their functions, anil an increase in tin- <k gn** of combination 
among these masses* ami their f ui. t ; *< shall mt that social 
dissolution conforms to the gemr.d I.*» in l» :ng, itutf* r:allv c<*j- 
sidered, a disintegration, and, tly uamir;t!!\ ton-id* red, £ derreAsc in 
the movements of wholes and an increase in th<- ncAcment.s <»f jwirt* ; 
while it further conforms to the general h.w in luring caused hv an 
excess of motion in some wav or ot her nc« i\* d from without. 

It is obvious that the socml dissolution which follows the 
aggression of another nation, and which, as hi-tory shows its, it 
apt to occur when social evolution has ended and decay has licgun, 
is, under its broadest aspect, the reception of a new external 
motion ; and wljen, as sometimes hapjiens, the conquered society is 
dispersed, or when its component divisions fall apart, its dissolution 
is literally a cessation of those corporate movements which the 
society, both in its army and in its industrial bodies, presented, 
and a lapse into individual or uncomhined movements. 

Again, social disorder, however caused, entails a decrease of 
integrated movements and an increase of disintegrated movements. 
As the disorder progresses the political actions previously com¬ 
bined become uncombined: there arise the antagdnistic actions of 
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riot or revolt Simultaneously, the industrial and commercial 
processes that , ere co-ordinated throughout the Ixxly politic are 
broken up; n d only the local, or small, trading transactions 
continue. An i each furtlier disorganizing change diminishes the 
joint ojwnUio .s by which rpen satisfy their wants, and leaves 
them to sati fy their wants, as, host, they can, by separate 
ojiemtiorts. Of the way in which shch disintegrations are set 

up in a society that has evolved to the limit of its type, and reached 
a state of moving equilibrium, a good illustration is furnished by 
Japan. The finished fabric into which its people had organized 
themselves, maintained an almost constant state so long as it was 
preserved from fresh external forces. But as soon as it received 
an impact from European civilization, partly by armed aggression, 
partly In- commercial impulse, partly bv the influence of ideas, 
this fabric Ix-gan to fall to piedbs. There is now in progress a 
jxditical dissolution.* Probably a political reorganization will 
follow; but, lie this as it may, the change thus far produced 
bv an outer action is a change towards dissolution—a change from 
integrates! motions to disintegrated motions. 

Kwti where a society, that has develojxxl into the highest form 
permitted by the characters of its units, logins to dwindle and 
decay, the progressive dissolution is still essentially of the same 
nature. Decline of mimlx-rs is, in such case, brought about 
partly by emigration ; for a Mx-iety having the fixed structure in 
which evolution ends is one that will not \ield and modify under 
pressure of population : so long as tts structure is plastic it is still 
evolving. II once the surplus population is continually dispersed : 
the influences brought to bear on the citizens by other societies 
cause their detachment, and there is an increase of the uncombined 
motions of units instead of an increase of combined motions. 
&radually as the society Ixvomes still less capable of changing 
into the form required for successful competition with more plastic 
societies, th<? number of citizens who can live within its unyielding 
framework becomes positively smaller. Hence it dwindles Ixith 
through continued emigration and through the diminished 
multiplication that follows innutrition. And this further dwind¬ 
ling is similarly a decrease in the total quantity of combined 

* This was written in IS67. 
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motion and an increase in the quantity of uncombined motion—as 
we shall presently see when we come to deal *pth individual 
dissolution. 

Considering, then, that social aggregates differ so much from 
aggregates of other kinds, formed, &? they are, of units held to¬ 
gether loosely and indirectly,* in such variable ways bv such 
complex forces, the process of dissolution among them tonforms 
to the general law quite as clearly as could be exj>ccted. 

§ 179. When from these super-organic aggregates we descend to 
organic aggregates, the truth that Dissolution is a disintegration 
of matter caused by the reception of additional motion from with¬ 
out becomes easily demonstrable. We will look first at the 
transformation and afterwards at its cause. ' t 

Death, or that final equilibration which precedes dissolution, is 
the bringing to a close all those many conspicuous integrated 
motions that arose during evolution. The impulsions of the l»ody 
from place to place first cease; presently the limbs cannot lie 
stirred; later still the respiratory actions sfop; finally the heart 
becomes stationary and, with it, the circulating fluids. That is, 
the transformation of molecular motion into the motion of masstss 
comes to an end. The process of decay involves an ’increase of 
insensible movements ; since these are far greater in the gases gene¬ 
rated than they are in the fluid-solid matters out of which the 
gases arise. Each of the complex chemical units composing an 
organic body possesses a rhythmic motion in which its many 
component units jointly partake. When decomposition breaks up 
these complex molecules, and their constituents assume gaseous 
forms, there is, besides that increase of motion iiupljed by 
diffusion, a resolution of such motions as the complex molecules 
possessed into motions of their constituent molecules. t So that i» 
organic dissolution we have, first, an end put to that trans¬ 
formation of the motions of units into the motions of aggregates, 
which constitutes evolution dynamically considered ;“and we liave 
afterwards, though in a subtler sense, a transformation of the 
motions of aggregates into the motions of units. Still it is not 
thus shown that organic dissolution answers to the general 
definition of dissolution— the absorption of motion and con- 



DISSOLUTION 


419 


comitant disintegration of matter. The disintegration of matter 
is, indeed, conspicuous enough; but the absorption of motion is 
not conspicuous. True, the fact that motion has been absorbed 
may be inferred from the feet that particles previously integrated 
into a solid mass, occupying a small space, have most of them 
moved away from one another axvl now occupy a great space; 
for the motion implied by this expansioi? must have been obtained 
from somewhere. Hut its source is not obvious. A little search, 
however, will bring us to its derivation. 

At a temperature IjcIow theWreezing point of water, decom¬ 
position of organic matter does not take place. Dead bodies 
kept at this temperature are prevented from decomposing for an 
indefinitely long period : witness the frozen carcases of mammoths 
(elephants of a species long ago extinct) that are found iml>edded 
in the ice at the mouths of SiHbrian rivers; and which, though 
they have Ix'cn there for many thousands of years, have flesh so 
fresh that when at length cxjK»cd it is devoured by wolves. 'What, 
now, is the meaning of such exceptional preservations? A Inxly 
kept lx*low freezing point, is a laxly which receives very little heat 
by radiation or conduction ; and the reception of but liltle heat is 
the reception of but little molecular motion. That i> to say, in an 
environmeift which <lcxs not furnish it with molecular motion 
passing a certain amount, an organic body does not undergo 
dissolution. Confirmatory evidence is yielded by the varia¬ 

tions in rate of dissolution which accompany variations of tempera¬ 
ture. All know that in cool weather the organic substances used 
in our households keep longer, as we say, than in hot weather. 
Equally # certain, if less familiar, is the fact that in tropical climates 
decay proceeds much more rapidly than in temperate climates. 
Thu#, dispersion of the dead bodysinto gases is rapid in proportion 
«s the molecular motion received from without is great. • The 

still quicker decompositions protluced bv exposure to artificiallv- 
raised temjfemtures afford further proofs : instance those which 
occur in cooking. The charred surfaces of parts much heated, 
show us that tin* molecular motion absorbed has served to dissipate 
in gaseous forms all the elements but the carbon. 

The nature and causes of Dissolution are thus clearly displayed 
by the a gg regates which so clearly display the nature and causes 
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of Evolution. One of these aggregates, being made of that peculiar 
matter to which a large quantity of constitution^) motion gives 4 
great plasticity and the ability to evolve into a highly complex 
form (§ 103); it results that after evelution has ceased, a small 
amount of molecular motion added.to that already contained in 
its peculiar matter suffices to cause dissolution. Though at 
death there is reached an ‘equilibrium among the sensible masses, 
or organs, which make up the body; yet, as the insensible units 
or molecules of which these organs consist are chemically unstable, 
small incident forces suffice to overthrow them, and hence dis¬ 
integration proceeds rapidly. 

* 

§ 180. Most inorganic aggregates, having arrived at dense forms 
in which comparatively little motion is retained, remain, long 
without marked changes. Each has lost so much motion in 
passing from the unintegrated to the integrated state, that much 
motion must be given to it to cause resumption of the uuintegrated 
state; and an immense time may elapse before there occur in the 
environment changes great enough to cotnmunicate to it the 
requisite quantity of motion. We will look first at those few- 
inorganic aggregates which retain much motion, and therefole 
readily undergo dissolution. 

Among these are the liquids and volatile solids which dissipate 
under ordinary conditions—water that evaporates, camphor that 
wastes away bv the dispersion of its molecules. In all such cases 
motion is absorbed; and always She dissolution is rapid in propor¬ 
tion as the quantity of heat or motion which the mass receives 
from its environment is* great. Next come the {ases in 

which the molecules of a highly integrated or solid aggregate are 
dispersed among.the molecules oS a less integrated or liquid aggre¬ 
gate ;»as in aqueous solutions. One evidence that thi^ disintegra-' 
tion of matter has for its concomitant the absorption of motion 
is that soluble substances dissolve the more quickly the hotter the 
water : supposing always that no elective affinity cornes into play. 
Another and still more conclusive evidence is that,«when crystals pf 
a given temperature are placed in water of the same temperature, 
the process of solution is accompanied by a fall of temperature 
—often a very great one. Omitting instances' in which some 
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chemical action takes place between the salt and the water, it is a 
uniform law that the motion which disperses the molecules of the 
salt through the water is at the expense of the molecular motion 
possessed by the water. , An allied and still better example 
is furnished by cases in which the dissolution of two solids results 
from mixing them, as happens with snow and salt. Here dissolu¬ 
tion necessitates so great an absorption of molecular motion as 
greatly to lower the*tempcrature of the liquid produced. 

Masses of sediment accumulated into strata, afterwards com¬ 
pressed by many thousands of jact of superincumbent strata, and 
reduced in course of time to a solid state, may remain for untold 
millions of years unchanged ; hut in subsequent million* of years 
they arc inevitably eryiosed to disintegrating actions, liaised along 
with other such masses into a continent, denuded and exposed to 
rain," frost, and the grinding nations of glaciers, they have their 
particles gradually separated, carried away, and widely dispersed. 
Or when, as otherwise happens, the encroaching sea arrives, the 
undermined cliffs formed of them fall from time to time; the 
waves, rolling alxjut, the small pieces, and in storms knocking 
together the larger blocks, reduce them to boulders and pebbles, 
and at last to sand and mud. Even if portions of the disin¬ 
tegrated strata accumulate into shingle banks which afterwards 
become solidified, the process of dissolution, arrested though it may 
be for some enormous geologic period, is finally resumed. A* 
many a shore shows us, the conglomerate itself is sooner or later 
subject to the like processes; and its cemented masses of hetero¬ 
geneous components are broken up and worn away by impact and 
attrition—that is, bv communicated mechanical motion. 

When not thus effected, the disintegration is effected by com- 
municattd molecular motion. consolidated stratum in some 
area of subsidence, brought down nearer and nearer to the regions 
occupied by molten matter, comes eventually to have its particles 
brought to a plastic state by heat, or finally melted down into 
liquid. Whatever may be its subsequent transformations, the 
transformation then exhibited by it is an absorption of motion and 
disintegration of matter. 

Thus be it simple or compound, small or large, a crystal or a 
mountain chains every inorganic aggregate on the Earth undergoes. 
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at some time or other, a reversal of those changes undergone during 
its evolution. Not that it usually passes back from the perceptible 
into the imperceptible, during any period in which It is or can be 
exposed to human observation. It does, not become aeriform and 
invisible, as organic aggregates do in great part, though jnot wholly. 
But still its disintegration and dispersion carry it some distance on 
the way towards the imperceptible; and there are reasons for 
thinking that its arrival there is but delayed. At a period 
immeasurably remote, every such inorganic aggregate, along with 
all undissipated remnants of org^iie aggregates, must be reduced 
to a state of gaseous diffusion, and so complete the cycle of its 
changes. * 

§ 181. For the Earth as a whole, when it has gone through the 
entire series of its ascending transformations, must remain exposed 
to the contingencies of its environment; and in the course of those 
ceaseless changes going on throughout a Universe of which all 
parts are in motion, must, at some period beyond the utmost 
stretcb of imagination, be subject to energies sufficient to cause its 
complete disintegration. Let us glance at the energies competent 
to disintegrate it. 

In his essay on “ The Inter-action of Natural Forces,” Prof. 
Helmholtz states the thermal equivalent of the Earth's movement 
through space, as calculated on the now received datum of Mr. 
Joule. “ If our Earth,” he says, “ were by a sudden shock brought 
to rest in her orbit—which is got to be feared in the existing 
arrangement of our system—by such a shock a quantity of heat 
would be generated equa^l to tliat produced by the combustion of 
fourteen such Earths of solid coal. Making the most unfavourable 
assumption as to its capacity f^r heat, that is, placing it'equol to 
that of water, the Inass of the Earth would thereby be heated I12j000< 
degree* [Centigrade]; it would therefore be quite fused, and for the 
most part reduced to vapour. If then the Earth, after having been 
i thus brought to rest, should fall into the Sun, which of tw.mar would 
be the case, the quantity of heat developed by the jhuck would he 
400 times greater." Now though this calculation seems to be 

nothing to the purpose, since the Earth is not likely to be suddenly 
arrested in its orbit and not likely therefore suddenly to fall into 
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the Sun; yet, as before pointed out (§ 171), there is a force at 
work which it is held must at last bring the Earth into the Sun. 
This force is *the resistance of the ethereal medium. From 
ethereal resistance is infegred a retardation of all moving bodies 
in the Solar System—a retardation which some astronomers 
contend even now shows its efrects jn the relative nearness to one 
another of the orbits of the older planets. If, then, retardation is 
going on, there must come a time, no matter how remote, when 
the slowly diminishing*orbit of the Earth will end in the Sun ; and, 
though the quantity of molar ni'xtion to be then transformed into 
molecular motion will not l>e so great as tliat winch the calcula¬ 
tion of Helmholtz .supjxiscs, it will lx- great enough to rtkluce the 
substance of the Earth to a gaseous state. 

This dissolution of the Earth and, at intervals, of every other 
planet, is not, however, u dissolution of the Solar System. All the 
changes exhibited throughout the Solar System art? incidents 
accompanying the integration of the entire matter composing it: 
the local integration of which each planet is the scene completing 
itself long before the*general integration is complete. But each 
secondary mass having gone through its evolution and reached a 
state of equilibrium among its parts (supposing tliat the available 
time suffice^ which in the cases of Jupiter and Saturn it mav not), 
thereafter continues in its extinct state, until, bv the still-progress¬ 
ing genera! integration, it is brought into the central mass. And 
though each such union of a secondary mass with the central mass, 
implying transformation of molar*motion into molecular motion, 
causes partial diffusion of the total mass formed, and adds to the 
quantity of motion that lias to tx* dispensed in the shape of light 
and heat; yet it does hut fxistpone the period at which the total 
mass must become completely integrated, and its excess of contained 
motion radiated into *{>ace. 

| IBS. Here we come to the question raise*! at the close of the 
last chapter—-• Does Evolution as a whole, like Evolution in detail, 
advance towards^ complete ^quiescence ? Is tluit motionless state 
called death, which end* Evolution in organic bodies, typical of 
the universal death in which Evolution at large must end ? And 
have we thus to contemplate as the outcome of things, a boundlete 
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space holding here and there extinct suns, fated to remain for ever 
without further change. 

To so speculative an inquiry none but a speculative answer is 
to be expected. Such answer as may \/e ventured must be taken 
less as a positive answer than as a demurrer to the conclusion that 
the proximate result must be tjie ultimate result- If, pushing to 
its extreme the argumcnt*that Evolution must come to a close in 
complete equilibrium or rest, the reader suggests that for augl)* - 
which appears to the contrary there must result a Universal Death 
which will continue indefinitely, «two replies may be made. The 
first is that the evidence presented in the heavens at large implies 
that while of the multitudinous aggregates of matter it presents, 
most are passing through those stages wlych must end in local 
rest, there are others which, having barely commenced tlux series of 
changes constituting Evolution, are on the way to become tfieatrcs 
of life. The second reply is that when we contemplate our 
Sidereal System as a whole, certain of the great facts which science 
has established imply potential renewals of life, now in one region 
now in another; followed, possibly, at a* period unimaginably 
remote by a more general renewal. This conclusion is suggested 
when we take into account a factor not yet mentioned. 

For hitherto we have considered only that equilibration which is 
taking place within our Solar System and within similar systems: 
taking no note of that immeasurably grt iter equilibration which* 
remains to take place: ending those motions through space which 
such systems possess. That the stars, in old times called fixed, 
are all in motion, has now become a familiar truth, and that they 
are moving with velocities ranging from say 10 miles |>er second 
up to some 70 miles per second (which last is the* velocity 
of a “ runaway star " supposed Jo be passing through 01 A Sidereal 
System) is a truth deduced from observations by modern astronev 
mers. To be joined with this is the fact that there are dying 
stars and probably dead stars. Beyond the evidence furnished 
by the various kinds of light they emit, of which the* red indicates 
relatively advanced age, there is the .evidence tljat in some cases 
bright stars have attendants which are dark or almost dark: the 
most conspicuous case being that of Sirius, round which revolves a 
body of about one-third its size but yielding 'only 1,39,000th 
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part of iU light— a star, approaching to our Sun in size, which 
ha* gone out . 'Hie implication appears to be that beyond the 
luminous masses constituting the visible Sidereal System, there 
are nun-luminous masses, perhaps fewer in number jjerhaps more 
numerous, phich in common with the luminous ones arc implied 
by mutual gravitation. How th^n are to lx- equilibrated the 
motions «of these vast mosses, luminous And non-luminous, having 
•"high velocities ? * 

This question may be divided into two, a major and a minor, 
of which the minor admits of southing like an answer, while the 
major seems unanswerable. 

§ 182a. Scattered through immensurable space, but more espe¬ 
cially inland about the region of the Milky Way, are numerous 
star-efusters, varying in their diameters from those which are 
hardly distinguishable from unusually rich proportions of the 
heatens, to those which constitute condensed swarms of stars: 
kinds of which umv be named, as at the one extreme, 34 Persei, 103 
Cassiopeia, and 32 Cygni, and at the other extreme, 13 Herculis 
and ii Aquarii.* The varieties between these extremes were 
regarded by 3ir William Ilerschel as implying progressive con¬ 
centrationand in his opinion Sir John Ilerschel apparently 
agreed. Pursuing the argument the latter wrote :— 

** Among a crowd of solid bodies of whatever si/e, animated by 
indejx'ndent and partially opposing impulses, motions opposite to 
each other mu.it province collision, destruction of velocity, and 
sul>sidence or near approach towards the centre of preponderant 
attracticjp; while those which conspire, «or which remain out¬ 
standing after such conflicts, must ultimately give rise to 
circulation of a permanent character." (Outlines of Astronomy, 
9th ed., p. §41.) 

The problem, however, is here dealt with purely as a mechanical 
one : the assumption being that the mutually arrested masses will 
continue as nfusses. Writing in 1K41) Sir John ilerschel did not 
take account oft the results, reached and verified during the few 

* The clusters here named are exhibited in Dr. Isaac Roberta's splendid 
series of Photographs of Start, Star-Cluster*, and Nth aim (two vola), in which 
also will be found the references presently to be made. 
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preceding years by Mayer and Joule, respecting the quantitative 
equivalence between motion and heat. But accepting, as we must 
now do, the conclusion drawn by Helmholtz (§171) congruous with 
one previously drawn by Mayer, we are,obliged to infer that stars 
moving at the high velocities acquired during concentration, will, 
bv mutual arrest, be dissipated into gases of extreme tenuity, 
constituting what we condfcive as nebulous matter. When we infer 
this the problem becomes different; and a* different conclusion 
seems unavoidable. For the diffused matter produced by such 
conflicts must form a resisting-^nedium, occupying that central 
region of the cluster through which its members from time to 
time pass in describing their mbits—a resisting medium which 
they cannot move through without having their velocities 
diminished. Every additional collision, bv augmenting this 
resisting medium, and making the losses of velocity greater, must 
aid in preventing the establishment of that equilibrium which 
would else arise; and so must conspire to produce more frequent 
collisions. And the nebulous matter thus formed, presently 
enveloping the whole cluster, must, by continuing to shorten the 
gyrations of the moving masses, entail an increasingly active 
integration and reactive disintegration of them, until they are all 
dissipated.* 

Products of the kind implied are presented in the large, diffused, 
and irregular nebula*, such as the one in’Orion. Sir .John Herschel 
describes them (p. 650) as “ of very great extent,” “ irregular and 
capricious in their shapes,” “ no*less so in the distribution of their 
light,” and not having “ any similarity of figure or aspect.” And 
then he remarks that.“they have one important character in 
common”—“ they are all situated in, or very near, the borders of 
the Milky Way." That is to s#y, they are found in that* region of 

* I leave these three sentences aa they stood in the revised edition of this 
work published in 1867, because evidence since obtained goes far to show that 
the process descrilted is going on. In the photographs contained in the second 
volume of his Start, Star-Clutter t, and Nebula, and by till accompanying 
description, Dr. Roberts shows tliat in some them (as instance, M. 3 Canurn 
Venaticorum) there is distinctly visible a nebulous central region, such aa 
might be produced at early stages of the process described ; and that he 
conceives such a process to be taking place is proved by his remarks on 
page 178. 
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the heavens in which star-clusters also are roost abundant. Thus in 
their distribution and in their characters these nebulce are congruous 
with the supposition that they have resulted from dissipation of 
clusters arising in the way described. 

What m§y we say concerning the future of one of these vast 
irregular nebulae ? The first remark is that as, in conformity with 
the foregwing speculation, it contains the tnatter not of one star but 
wf many stars, so in conformity with its aspect it is not a nebulous 
moss of the kind out of which a single star or sun originates : being 
so large that it covers numcroir^nterstellar spaces. The second 
remark is that when its widest diffusion has l>een reached concentra¬ 
tion will commence, and the implication is that after an immense 
period a rotating nebula of one or other of the kinds so abundantly 
exemplified will result. That a spiral nebula is produced by 
concentration of one of these vast diffused masses, containing the 
matter of many stars, is an inference supj>orted by the fact that 
in some spiral nebula* many stars and nebulous stars emljcdded 
within the spiral structure have manifestly been formed or are 
forming while the general concentration is going on—instance 74 
Pisciuin, 100 Comae and M. 51 Canum Venaticoruin—ami 
suggesting that a new concentrating cluster will eventually arise. 
If so, the inrplication appears to lx: that there will eventually again 
arise a process like that just suggested—collisions of, concentrating 
masses and progressing diffusion until the nebulous fonn is again 
produced. 

If in pursuance of this view we regard (1) the star-clusters 
variously condensed, (52) the diffused and irregular nebula*, (t5) the 
spiral and other nebula* that are concentrating into star-systems, as 
exhibiting different stages of the same process, then the implication 
is that in*many thousands of places throughout our Sidereal System 
4here are going on alternations of Evolution and Dissolution. 
And this conception may be taken as a sufficient answer to the 
inference above drawn that equilibration must end in universal 
death—a speculative demurrer to a speculative conclusion. 

11826. There still presents itself the question which, unanswer¬ 
able though it may be, we cannot ignore—What are we to think 
concerning the future of the visible Universe ? To the conception of 
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alternating evolutions and dissolutions taking place in multitudinous 
different parts of it, there must be joined the conception of it as 
either remaining in its present state or as changing; and that raises 
the question—Changing towards what qther state ? That its state 
must change is clear: the irregular distribution of it,being such 
as to render even a temporary ipoving equilibrium impossible. 

At the outset there arises the doubt whether our* Sidereal 
System is an aggregate at all, in such sense as is implied bjf 
conformity to the law of Evolution and Dissolution—whether it 
does not transcend those limits bjplicd by conformity to the law. 
When, reducing its stars and their distances to dimensions that 
may be imagined, we think of them a« comparable to peas one 
hundred miles apart, the conception of them as forming a whole 
held together only by mutual gravitation seems somewhat strained. 
The assumed unity seems more* questionable on observing the 
marks of independence in the disj>ersed parts. Besides multi¬ 
tudinous cases of the kind alxjve descrilx'd in which star-clusters 
apparently carry on their transformations irrespective of the 
Sidereal System as a whole, there are some far larger local trans¬ 
formations that appear to lx; of kindred nature. I refer to those 
going on in the Magellanic clouds or nubecula:, major and minor 
—two closely-packed agglomerations, not, indeed, of •single stars 
only, but of single stars, of clusters regular and irregular, of 
nebulae, and of diffused nebulosity. That these have been formed 
by mutual gravitation of parts once widely scattered, there is 
evidence in the barrenness of ihe surrounding celestial spaces: 
the nubecula minor especially, lx:ing seated, as Humboldt says, in 
M a kind of starless desert.'’ And since the traits of these chaotic 
aggregates are such as do not consist with any process of 
evolution, we must infer that* they are passing through* the 
counter-process of dissolution: the resulting nebulous mattci* 
having already enveloped large portions of their miscellaneous 
components: a conclusion receiving support from thfc fact that 
while the one lies in a space devoid of stars the othef has around 
it numerous outlying nebulae and star-clusters, .which must in 
course of time be drawn into it. Thus there are considerable 
difficulties in the, way of regarding our Sidereal System a a a 
whole subject to the processes of evolution and dissolution. 
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Nevertheless sundry traits seem to imply that throughout a 
past so immense that the time occupied in the evolution of a 
solar or stellar system becomes by comparison utterly insignificant, 
there has been a gathering,together of the matter of our Universe 
from a more dispersed state; and its disc-like form, or else 
annular form, indicated by the encircling appearance of the Milky 
Wav, raises the thought that it has a ^combined motion within 
-«vhich all minor motions arc included. Moreover the contrast 
between the galactic circle, with its closely packed millions of 
stars dotted with numerous stur.«#lustcrs, and the regions about 
the galactic poles, in which the more regular nebula* are chiefly 
congregated, yields further evidence that our Sidereal System has 
some kind of unity, aiyl that during an immeasurable past it has 
undergone transformations due to general forces. If, then, we 
must contemplate the visible Universe as an aggregate, subject to 
processes of evolution and dissolution of the same essential nature 
as those traceable in minor aggregates, we cannot avoid asking 
what is likely to be its future. 

In his Outlines of Astronomy (pp. 630-1), Sir John Hersehel 
refers to sjieetilation respecting the rotation of our Sidereal 
System in the plane of the galactic circle. Dismissing the 
hvjxjthesis of Madlcr that the centre of rotation is in the 
Pleiades, he thinks that no opinion can reasonably be formed 
whether rotation exists or not, until after some thirtv or forty 
years of observations of a special class. In anv case, however, the 
irregularities of the Milky Way necessitate the conclusion that 
there is going on, and must continue to go on, a general change 
of structure. The greater massiveness of it hi the northern than in 
the southern hemisphere, the cleft form, the breach of continuity, 
the branchings, the narrow connecting necks, and the parts that 
ere almost or quite island'd, exclude the idea of equilibrium, 
whether the* system as a whole lie stationary or whether it be 
rotating. I« § lot), when referring to the fate of nebulous rings, 

I cited the opinion of Sir John Hersehel to the effect that a 
nebulous ring would not break at one place ami collapse, but 
would break at many places and form separate masses. I joined 
with it the opinion of Sir G. 1). Airy, to whom I put the question 
whether these would remain separate, nnd who agreed that the 



490 


THE KNOWABLE 


masses thus formed, parting more widely at some one place, would 
eventually collapse into a single mass. Parallel conclusions 
respecting changes in the Milky Way seem legitimate, or rather, 
indeed, seem necessitated. Separating of it into parts—minor 
Sidereal Systems—is a result to which its present aspect points. 
That such minor sidereal systems* could remain permanently 
independent is not to be supposed. Mutual attraction would 
cause in some cases the formation of binary sidereal systems, and. 
in other cases coalescence, according te the directions and 
amounts of their respective pro^r motions. The implication is 
that there may lie repeated, on vaster scales, changes like those 
described as occurring in star-clusters: local concentrations taking 
place within these minor sidereal systems, with resulting evolu¬ 
tions and dissolutions, at the same time that the minor, sidereal 
systems themselves, progressively uniting. Income more condensed, 
and consequently the scenes of more active changes of like kinds. 
If, giving imagination the rein, we suppose this process carried to 
its limit, and ultimately to present on an immensely larger scale 
the kind of change which the nubecula? exhibit, there arises the 
thought of a progressing destruction of the molar motions 
possessed by the concentrating stars, and a simultaneous diffusion 
of their su Instances, which, as the process comes to a close, spreads 
the matter of the Sidereal System in its nebulous form throughout 
the whole of that space which it originally filled—a diffusion 
reversing the preceding concentration—a dissolution that prepares 
the way for a new evolution. .Reduced to its abstract form, the 
argument is that the quantity of motion implied by dispersion 
must be as great as the.quantitv of motion implied by aggregation, 
or rather must be the same motion, taking now the trnJW form 
and now the molecular form ; ayd if we allow ourselves td conceive 
this as an ultimate result there arises the conception not only, 9 / 
local evolutions and dissolutions throughout our Sidereal System 
but of general evolutions and dissolutions alternating indefinitely. 

But we cannot draw such a conclusion without tawtly assuming 
something beyond the limits of possible knowledge, namely, that 
the energy contained in our Sidereal System remains undiminished. 
Continuance of such alternations without end presupposes that the 
quantity of molecular motion radiated by each star in the course 
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of Its formation from diffused matter, shall either not escape from 
our Sidereal System or shall be compensated by an equal quantity 
of molecular motion radiated into it from other parts of space. If 
the ether which fills the interspaces of our Sidereal System has a 
boundary somewhere beyond the outermost stars, it is inferable 
that motion is not lost by radiatioq beyond that boundary; and if 
so tbe original degree of diffusion may be resumed. Or if, 
supposing that the either is unbounded, the temperature of space 
is the same within ami without our Sidereal System, then it is 
inferable that the quantity of,Emotion contained within our 
Sidereal System remaining undiminished, its alternate concentra¬ 
tions and diffusions may continue undiminished. But we shall 
never be able to sav, whether either condition is fulfilled. 

We njav indeed dismiss such questions as passing the bounds of 
rational speculation. They haves here been touched upon for the 
purpose of showing that it is not inferable from the general 
progress towards equilibrium that a state of universal quiescence 
or death will be reached ; but that if a process of reasoning ends in 
that conclusion, a further process of reasoning points to renewals 
of activity and life. 

.Here, however, it is needless for the adequate presentation of 
the gener&L doctrine that Evolution and Dissolution should be 
traced in either direction to their ends. In § 93 it was said 
that no actual philosophy can fill out the scheme of an ideal 
philosophy—cannot even of a small aggregate trace the entire 
history from its apjK'arance to it* d i>apj>earance. and must be 
immeasurably far from doing this with the all-comprehensive 
aggregate. 

But unable though we must ever remain to give a complete 
account <lf the transformation of tilings, even in any of its minor 
parts, and still more in its totality, we are a6le to rccqgnize 
throughout* it the same general law; and may reasonably infer 
that it holds in those parts of the transformation which are beyond 
the reach of •our intelligence as it does in those parts which are 
within its reach. 
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CHAPTER XXIV 
SUMMARY AN*b CONCLUSION 

§ 184. At the dose of a work like this, it is more than usually 
needful to contemplate as a whole that which the successive 
chapters have presented in parts. A coherent knowledge implies 
something more than the establishment of connexions: we must 
not rest after seeing how each minor group of truths falls into 
its place within some major group, and how all the major groups 
fit together. It is requisite that we should retire a space, and, 
looking at the entire structure from a distance at which details 
are lost to view, observe its general character. 

Something more than recapitulation—something more even than 
an organized re-statement, will come within the scope of the 
chapter. We shall find that in their ensemble the general truths 
reached exhibit, under certain aspects, a oneness not hitherto 
observed. 

There is, too, a special reason for noting how the various 
divisions and subdivisions of the argument consolidate; namely, 
that the theory at large thereby obtains a final illustration. The 
reduction of the generalizations which have been set forth 
separately to a completely integrated state exemplifies once* more 
the process of Evolution, and strengthens still further the gene# I 
fabric of conclusions. 

§ 185. Here, indeed, we find ourselves brought round un¬ 
expectedly to the truth with which we set out, and with which 
our re-survey must commence. For this integrated form of 
knowledge is the form which, apart from the doctrine of Evolution, 
we decided to be the highest form. 
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When we inquired what constitute* Philosophy-—when we com¬ 
pared men's various conceptions of Philosophy, so that, eliminating 
the elements in which they differed, we might see in what they 
agreed ; we found in them/dl the tacit implication that Philosophy 
is complete unified knowledge. Apart from each scheme of 
unified knowledge, and apart froqi proposed methods by which 
unification is to be effected, we traced in every case a belief 
4hat unification is possible, and that the end of Philosophy is 
achievement of it. 

After reaching this conclusion vf* considered the data with which 
Philosophy mast set out. Fundamental propositions, or proposi¬ 
tions not deducible from deeper ones, can be established only by 
showing the complete jongruity of all the results reached through 
the assumption of them ; and, premising that they were simply 
assumed till than established, we took as our data those components 
of our intelligence without which there cannot go on the mental 
processes implied by philosophizing. 

From the specification of these we passed to certain primary 
truths—“The Indestructibility of Matter,” “The Continuity of 
Motion,” and ** The Persistence of Force ”; of which the last 
is •ultimate and the others derivative. Having previously seen 
that our exfX'riences of Matter and Motion are resolvable into 
experiences of Force, we further saw the truths that Matter and 
Motion are unchangeable in quantity to be implications of the 
truth that Force is unchangeable in quantity. This we con¬ 
cluded is the truth by derivation from which all other truths are 
to be proved. 

The fii*pt of the truths which presented itself to be so proved, is 
“ The Persistence of the Relations among Forces.” This, which is 
ordinarily called Uniformity of law, we found to be a necessary 
-imp lication of the truth that Force can neither arise out of 
nothing nor lapse into nothing. 

The next‘deduction was that forces which seem to be lost are 
transformed into their equivalents of other forces; or, conversely, 
that forces which,become manifest do so by disappearance of pre¬ 
existing equivalent forces. These truths we found illustrated by 
the motions of the heavenly bodies, by the changes going on over 
the Earth's surface, and by all organic and super-organic actions. 
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It was shown to be the same with the law that everything moves 
along the line of least resistance, or the line of greatest traction, or 
their resultant. Among movements of all orders, from those of 
stars down to those of nervous discharges and commercial currents, 
it was shown both that this is so, and that, given the Persistence 
of Force, it must be so. t 

So, too, we saw it to be with “ The Rhythm of Motion. 1 " All 
motion alternates—be it the motion of plant-ts in their orbits m~ 
ethereal molecules in their undulations—he it the cadences of 
speech or the rises and falls prices; and, as before, it became 
manifest that Force being persistent, tins perpetual reversal of 
Motion between limits is inevitable. 

§ 186. These truths holding of existences at large, ware recog¬ 
nized as of the kind required to •constitute what we distinguish as 
Philosophy. But, on considering them, we perceived that os they 
stand they do not form a Philosophy; and that a Philosophy 
cannot be formed by any number of such truths separately known. 
Each expresses the law of some one factor by which phenomena, as 
we experience them, are produced ; or, at most, expresses the law of 
co-operation of some two factors. But knowing what are the 
elements of a process is not knowing how these elements combine 
to effect it. That which alone can unify knowledge must be the 
law of co-operation of the factors—a law expressing simultaneously 
the complex antecedents and the complex consequents which any 
phenomenon as a whole preseats. 

A further inference was that Philosophy, as we understand it, 
must not unify the changes displayed in separate concrete pheno¬ 
mena only; and must not stop short with unifying the changes 
displayed in separate classes of concrete phenomena;' but must 
unify the changes displayed in all concrete phenomena. If thej/>w 
of operation of each factor holds true throughout the Cosmos, so, 
too, must the law of their co-operation. And hence in compre¬ 
hending the Cosmos as conforming to this law of co-operation, 
must consist that highest unification yrhich Philosophy seeks. 

Descending to a more concrete view, we saw that the law sought 
must be the law. of the continuous re-distribution of Matter and 
Motion. The changes everywhere going on, from those which 
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«re slowly altering the structure of our galaxy down to those which 
constitute a chemical decomposition, are changes in the relative 
positions of component parts; and everywhere necessarily imply 
that along with a new arrangement of Matter there has arisen a 
new armnggment of Motion. # Hence it follows that there must be a 
law of the concomitant re-distribution of Matter and Motion which 
holds of every change, and which, by thus*unifying all changes, must 
he the hast* of a Philosophy. 

In commencing our Search for this universal law of re-distribu- „ 
tion, we contemplated from another point of view the problem 
of Philosophy, and saw that its solution could not but be of the 
nature indicated. It was shown that an ideally complete Philos¬ 
ophy must formulate the whole series of changes passed through 
by existences separately and as a whole in passing from the 
imperceptible to the perceptible and again from the perceptible 
to the imjierceptible. If it begins its explanations with existences 
that already have concrete forms, or leaves off while they still 
retain concrete forms, then, manifestly, they had preceding 
histories, or will haves succeeding histories, or both, of which no 
account is given. Whence we saw it to follow that the formula 
sought, equally applicable to existences taken singly and in their 
totality, um#t be applicable to the whole history of each and to 
the whole history of all. This must be the ideal form of a 
Philosophy, however far short of it the reality may fall. 

Bv these considerations we were brought within view of the 


formula. For if it had to express the entire progress from the 
imperreptibja to the perceptible and from the perceptible to the 
impercej^inle; ami if it was also to express the continuous re¬ 
distribution of Matter and Motion, then, obviously, it could lie 
no other than one defining the opposite processes of concentration 
jwjjJ diffusion in terms of Matter and Motion. And if so, it jnust 
be a statement of the truth that the concentration of Matter 


implies the* dissipation of Motion, and that, conversely, the 
absorption oft Motion implies the diffusion of Matter. 

Such, in fact, we found Jo be the law of the entire cycle of 
changes passed through by every existence. Moreover we saw 
that besides applying to the whole history of gach existence, it 
applies to each detail of the history. Both processes are going on 
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at every instant; but always there is a differential result in favour 
of the first or the second. And every change, even though it 
be only a transposition of parts, inevitably advances the one 
process or the other. 

Evolution and Dissolution, as wq name these opposite trans¬ 
formations, though thus truly defined in their most general 
characters, are but incoftipletcly defined; or rather, while the 
definition of Dissolution is sufficient, the definition of Evolution* 
is extremely insufficient Evolution is always an integration of 
Matter and dissipation of Moll on; but it is in nearly all eases 
much more than this. The primary re-distribution of Matter 
and Motion is accompanied by secondary re-distributions. 

Distinguishing the different kinds of Evolution thus produced 
as simple and compound, we went on to consider under, what 
conditions the secondary re-disfributions which make Evolution 
compound, take place. We found that a concentrating aggregate 
which loses its contained motion rapidly, or integrates quickly, 
exhibits only simple Evolution; but in proportion as its hugeness, 
or the peculiar constitution of its components, hinders the dissipa¬ 
tion of its motion, its parts, while undergoing that primary 
re-distribution which results in integration, undergo secondary 
re-distributions producing more or less complexity. 

| 187. From this conception of Evolution and Dissolution as 
together making up the entire process through which things pass; 
and from this conception of Evolution as divided into simple and 
compound; we went on to consider the law of E elution, as 
exhibited among all orders of existences, in general and in* detail. 

The integration of Matter and concomitant dissipation of 
Motion, was traced not in each <Vhole only, but in the parts into 
which each whole divides. By the aggregate Sola; System,-^? 
well as by each planet and satellite, progressive concentration has 
been, and is still being, exemplified. In each orgfhnism that 
genera] incorporation of dispersed materials which dulses growth 
is accompanied by local incorporations, forming what we call 
organs. Every society, while it displays the aggregative process 
by its Increasing mass of population, displays it also by the rise 
of dense masses in special parts of its area. Jyad in all cases. 
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along with these direct integrations there go the indirect integra¬ 
tions by which parts are made mutually dependent. 

From this primary re-distribution we were led on to consider 
the secondary re-distributipns, by inquiring how there came to be 
a formation of parts during the formation of a whole. It turned 
out that there is habitually* a passage from homogeneity to 
heterogeneity, along with the passage frdta diffusion to concentra¬ 
tion. While the nfattcr composing the Solar System has been 
assuming a denser forth, it has changed from unity to variety of 
distribution. Solidification of tlfe Earth has been accompanied 
by a progress from comparative uniformity to extreme multi¬ 
formity. In the course of its advance from a germ to a mass 
of relatively great hplk, every plant and animal also advances 
from simplicity to complexity. The increase of a society in 
numbers and consolidation has*for its concomitant an increased 
heterogeneity both of its political and its industrial organization. 
And the like bolds of all super-organic products—Language, 
Science, Art, and Literature. 

But we saw that these secondary re-distributions are not thus 
completely expressed. While the parts into which each whole is 
resolved become more unlike one another, they also become more 
sharply marked off. The result of the secondary re-distributions 
is therefore to change on indefinite homogeneity into a definite 
heterogeneity. This additional trait also we found in evolving 
aggregates of all orders. Further consideration, however, made 
it apparent that the increasing* definiteness which goes along 
with increasing heterogeneity is not an independent trait, but 
that it Results from the integration which progresses in each 
of the differentiating jxptfJL. while it progresses in the whole 
they form. 

•--Further^ it was pointed out that in all evolutions, inorganic, 
organic, and super-organic, this cliange in the arrangement of 
Matter is Accompanied by a parallel change in the arrangement 
of contained Motion: every increase in structural complexity 
involving a corresponding,increase in functional complexity. It 
was shown that along with the integration of molecules into 
masses, there arises an integration of molecular motion into the 
motion of masses; and that as fast as there results variety in the 
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sixes and forms of aggregates and their relations to incident forces, 
there,also results variety in their movements. 

Use transformation thus contemplated under separate aspects, 
being in itself but one transformation, it became needful to unite 
these separate aspects into a single conception—to regard the 
primary and secondary re-distributions as simultaneously working 
their various effects. Everywhere the change from a confused 
simplicity to a distinct complexity, in the distribution of botlr 
matter and motion, is incidental to the 'consolidation of the 
matter and the loss of its intern* motion. Hence the re-distribu¬ 
tion of the matter and of its retained motion is from a relatively 
diffused, uniform, and indeterminate arrangement, to a relatively 
concentrated, multiform, and determinate arrangement. 

| 188. We come now to one of«thc additions that may be made 
to the general argument while summing it up. Here is the fit 
occasion for observing a higher degree of unity in the foregoing 
inductions than we observed while making them. 

The law of Evolution has been thus far contemplated as holding 
true of each order of existences, considered as a separate order. 
But the induction as so presented falls short of that completeness 
which it gains when we contemplate these several • orders of 
existences as forming together one natural whole. While we think 
of Evolution as divided into astronomic, geologic, biologic, psycho¬ 
logic, sociologic, &c., it may seem to some extent a coincidence 
that the same law of metamorphosis holds throughout all its divi¬ 
sions. But when we recognize these divisions as mere conventional 
groupings, made to facilitate the arrangement and acquisition of 
knowledge—when we remember that t^e different existences with 
which they severally deal are convenient parts of one Costhos; we 
see at once that there are not several kinds of Evolution having, 
certain traits in common, but one Evolution going on everywhere 
after the same manner. We have repeatedly observed «that while 
any whole is evolving, there is always going on an evolution of the 
parts into which it divides itself; but we have not^ observed that 
this equally holds of the totality of things, which is made up of 
parts within parts from the greatest down to the smallest. We 
know that while a* physically-cohering 'aggregate like the human 
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body la getting larger and taking on it* general shape, each of it* 
organ* ia doing the wune; that while each organ is growing and 
becoming unlike others, then? is going on a differentiation and 
integration of its component tissues and vessels; and that even 
the components of these components are severally increasing and 
passing into more definitely hctcrogHrieous structures. But we have 
not duly* remarked that while each individual is developing, the 
society of wbidi he is an insignificant unit is developing too; that 
while the aggregate mass forming a society is integrating and 
becoming more definitely heterogeneous, so, too, that total aggre¬ 
gate, the Earth, is continuing to integrate and differentiate; that 
while the Earth, which in hulk is not a millionth of the Solar 
System, progresses towards its more concentrated structure, the 
Solar §ysitem similarly progresses. 

So understood. Evolution beeoiftes not one in principle only, but 
one in fact. There am not many metamorphoses similarly carried 
on, hut there is a single metamorphosis universally progressing, 
wherever the reverse metamorphosis has not set in. In any locality, 
great or small, where the occupying matter acquires an appreciable 
individuality, % or distinguishableness from other matter, there 
Evolution goes on; or rather, the acquirement of this appreciable 
individuality is the commencement of Evolution. And this holds 
regardless of the size of the aggregate, and regardless of its inclusion 
in other aggregates. 

| 189. After making them, we.Saw that the inductions which, 
taken toget^t, establish the law of Evolution, do not, so long as 
they remslu inductions, form that whole rightly named Philosophy ; 
nor does % even the forego -vtcvfv^e of these inductions from agree¬ 
ment into identity suffice to prodhee the unity spught For, as 
pointed, out at the time, to unify the truths thus reached 
with other truth*, they must be deduced from the Persistence of 
Force. Our* next step, therefore, was to show why. Force being 
persistent, th£ transformation which Evolution shows us necessarily 
results. 

Hie first conclusion was, that any finite homogeneous aggregate 
must lose its homogeneity, through the unequal* exposures of its 
parts to incident forces, and that the imperfectly homogeneous must 
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lapse Into the decidedly non-homogtmeous. It was pointed out 
that the production of diversities of structure by .diverse fences, 
end forces acting under diverse conditions, has been illustrated in 
astronomic evolution; and that a like connexion of cause and effect 
is seen in the large and small modifications undergone by our 
globe. The early changes of organic germs supplied further 
evidence that unlikenesses of structure follow unltkeftesaes of 
relations to surrounding agencies—evidence enforced by the tendency 
of the differently-placed members of each species to diverge into 
varieties. And we found that the contrasts, political and industrial, 
which arise between the parts of societies, serve to illustrate the 
same principle. The instability of the relatively homogeneous 
thus everywhere exemplified, we saw also holds in each of the distin¬ 
guishable parts into which any whole lapses; and that so* tl|e less 
heterogeneous tends continually td become more heterogeneous. 

A further step in the inquiry disclosed & secondary cause of 
increasing multiformity. Every differentiated part is not simply a 
seat of further differentiations, but also a parent of further differ¬ 
entiations ; since in growing unlike other parts, it becomes a centre 
of unlike reactions on incident forces, and by so aiding to the 
diversity of forces at work, adds to the diversity of effects produced. 
This multiplication of effects proved to be similariy traceable 
throughout all Nature—in the actions and reactions that go on 
throughout the Solar System, in the never-ceasing geologic compli¬ 
cations, in the involved changes produced in organisms by new 
influences, in the many thoughts, and feelings generated by single 
impressions, and in the ever-ramifying results of eac additional 
agency brought to bear on a society. To which was jyned the 
corollary that the multiplication ^f**«ffr<*ts advances in. a geo¬ 
metrical progression along with Advancing heterogeneity. * 

Completely to interpret the structural changes jponstitutMg 1 
Evolution, there remained to assign a reason for that increasingly- 
distinct demarcation of parts, which accompanies the production of 
differences among parts. This reason we discovered to be the 
segregation of mixed units under the* action of forces capable of 
moving them. We saw that when unlike incident forces have 
made the parts of an aggregate unlike in the natures of their 
component units, there necessarily arises a tendency to separation 
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of the dissimilar trait* from one another, and to a clattering of 
thaws unit* which am similar. This causa of the definiteness of the 
load integratiom which accompany local differentiation* tamed 
oat to he ltkewHbe exemplified by all kinds of Evolution—by the 
format)oa of celestial bodies, by the moulding of the Earth's crust, 
by organic m od ific a t ions, by the eytablishnsent of mental distinc¬ 
tions, hf the genesis of social divisions. 

* At length, to the query whether these processes have any limit, 
there came the answer' that thev must end in equilibrium. That 
continual division and subdivision of forces, which changes the 
uniform into the multiform and tin- multiform into the more 
multiform, is a process by which forces are perpetually dissipated ; 
and dissipation of them, continuing as long as there remain any 
forces^ unbalanced by opposing forces, must end in rest. It was 
shown that when, as happens in aggregates of various orders, many 
movements go on together, the earlier dispersion of the smaller and 
more resisted movements, establishes moving equilibria of different 
kinds: forming transitional stages on the way to complete equi¬ 
librium. And furthd- inquiry made it apparent that for the same 
reason, these gloving equilibria have certain self-conserving powers; 
shown in the neutralization of perturbations, and in the adjustment 
to new conditions. This general principle of equilibration, like 
the preceding general principles, was traced throughout all forms 
of Evolution—astronomic, geologic, biologic, mental, and social. 
And our concluding inference was, that the penultimate stage of 
equilibration in the organic worjd, in which the extremes! multi¬ 
formity anp^inoet complex moving equilibrium are established, 
must be ^ie implying the highest state of humanity. 

But t£e fact which hqje chiefly concerns us is that each of these 
laws of Die re-distribution of Matter and Motiop, was found to 
derivative law—a law deducible from the fundamental law. 
The Persistence of Force being granted, there follow as inevitable 
inferences “The Instability of the Homogeneous" and “The 
Multiplicatidh of Effects"; while “ Segregation " and “ Equilibra¬ 
tion " also become corollaries. And on thus discovering that the 
processes of change grouped under these titles ore so many 
different aspects of one transformation, determined by an ultimate 
necessity, we arrive at a complete unification of them—a synthesis 
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In which Evolution in general and in detail become* known as an 
Implication of the law that transcends proof. . Moreover, in 
becoming thus unified with one another the complex truths of 
Evolution become simultaneously unified,with those simpler truths 
shown to have a like origin—the equivalence of transformed forces, 
the movement of even - mass anjl molecule along its line of least 
resistance, and the limitation of its motion by rhythm. * Which 
further unification brings us to a conception* of the entire plcsu* 
of changes presented bv each concrete phenomenon, and by the 
aggregate of concrete phenomeha, as a manifestation of one 
fundamental fact—a fact shown alike in the total change and in 
all the separate changes composing it. 

| 190. Finally we turned to contemplate, as exhibited through¬ 
out Nature, that process of Dissolution which forms the comple¬ 
ment of Evolution, and which, at some time or other, undoes 
what Evolution has done. 

Quickly following the arrest of Evolution in aggregates that 
are unstable, and following it at periods often long delayed but 
reached at last in the stable aggregates around us, # we saw tlmt 
even to the vast aggregate of which all these are parts—even to 
the Earth as a whole—Dissolution must eventually come*. Nay we 

■r « 

even saw grounds for the belief that local assemblages of those far 
vaster masses we know as stars will eventually be dissipated: the 
question remaining unanswered whether our Sidereal System as a 
whole may not at a time beyond the reach of finite imagination 
share the same fate. While inferring that in.many **'rts of the 
visible universe dissolution is following evolution, and thaf^hrough- 
out these regions evolution will presently recommence, the question 
whether there is an alternation of evolution and dissolution in the 
totality of things is one which must be left unanswered, as beyotwfc 
the reach of human intelligence. 

If, however, we lean to the belief that what hapjfens to the 
parts will eventually happen to the whole, we are led*to entertain 
the conception of Evolutions that have; filled an iimmeasurable past 
and Evolutions that will fill an immeasurable future. We can no 
longer contemplate the visible creation as having a definite begin¬ 
ning or end, or as being isolated. It becomes Unified with all 
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existence b e fo re mod after; mad the Force which the Universe 
ywna hi fell* into the *a*t*e category with it* Spare and Time, as 
Admitting of Ao limitation in thought 

| 191* This conception is congruous with the conclusion reached 
in Part I., where we dealt wifh the relation between the Knowable 
and the*Unknowablc. 

• It was there showti by analysis of both religious and scientific 
ideas, that while knowledge of the Cause which produces effects 
on consciousness is impossible, th€ existence of a Cause for these 
effects is a datum of consciousness. Belief in a Power which trans¬ 
cends knowledge is that fundamental element in Religion which 
survives all its changes of form. This inexpugnable belief proved 
to be likewise that on which all exact Science is based. And this 
is alst> the implication to which me art* now led back by our com¬ 
pleted synthesis. Hie recognition of n persistent Force, ever 
changing its manifestations but unchanged in quantity throughout 
all past time and all future time, is that which we find alone 
makes possible each •concrete interpretation, and at last unifies 
all concrete interpretations. 

.Towards %mt: conclusion of this order. inquiry, scientific, 
metaphysical, and theological, has been, and still is, manifestly 
advancing. The coalescence of polytheistic conceptions into 
the monotheistic conception, and the reduction of the mono¬ 
theistic conception to a more and more general form, in which 
personal superintendence becomes merged in universal immanence, 
clearly shojps this advance. It is equally .shown in the fading 
away ofJnd theories about “essences'" “^potentialities,” “occult 
virtues &c*4 in the abandonment of such doctrines as those 
of “ PiWtonic Ideas,” “Yre-estabrshed Harmonies,” and the like; 
and in the tendency towards the identification of Being as present 
in consciousness with Being as otherwise conditioned beyond 
consciousness. Still more conspicuous is it in the progress of 
Science, which, from the beginning, has been grouping isolated 
facts under laws, uniting special law*s under more general laws, and 
so reaching on to laws of higher and higher generality ; until the 
conception of universal laws has beepme familiar to it 

Unification being thus the characteristic of developing thought 
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of all kinds, and eventual arrival at unity Wing fairly nfprable. 
there arises yet a further support to our conclusion. Sin <\ unless 
there is some other and higher unity, the unity We hav« reached 
must be that towards whic h developing ^bought tends. 

Let no one suppose that any such implied degree of tro 'worthi¬ 
ness is alleged of the various mirfor proposition* 6ro ght in 
illustration of the general* argument. Such an assumption would 
be so manifest!v absurd that it seems nearer 1* needful to «!s*rli*i*» 

** e 

it But the truth of the doctrine as a w4wle, is unaffected by 
errors in the details of its presentation. If it can be shown that 
the Persistence of Force is not a datum of consdmtxnoa*; or if it 
can be shown that the several laws of force above specified are not 
corollaries from it ; or if it can be shown that, given these laws, 
the re-distribution of Matter and Motion does not n y e m rily 
proceed as described: then, indeed, it will be shown Unit Uie 
theory of Evolution has not the high warrant claimed for it. 
But nothing short of this can invalidate the general conclusions 
arrived at 

§ 193. If these conclusions be accepted—if it be agreed that the 
phenomena going on everywhere are parts of the general process of 
Evolution, save where they are parts of the reverses process of 
Dissolution; then we may infer that all phenomena receive their 
complete interpretation, only when recognised as parts of these 
processes. Whence i* follows that the limit towards which 
Knowledge advances can he reached only when the formulas of 
these processes are ao applied la to yield # interpretations of 
phenomena in gener&L # But this is an idea! which thecal must 
ever fall short of. 

For, true though it may he rfhat all jfhenornena! chnTfJjes are 
director indireef results of the persistence of force, the proof t^pt, 
they are such can never be more than partially given* Scientific 
p rogress is progress in that adjustment of thought to things which 
we saw is going on, and must continue to go on, butt which can 
never arrive at anything like perfection. Still, though Science can 
never be reduced to this form, and though only at a far distant 
time can it be brought anywhere near it, a good deal may even now 
be done in the way of approximation. 
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Of man*-, what may now h» done cannot be done hv any single 
eh^lual Nr* me ran pow** that <mry<!op*-r? ir information 
ft r r»gh» *- organising eten the truth* a! read v established. 
Son* heir-*, a* ]I organisation, beginning in famt’ and blurred 
•uthr «•*. t« mrt»j Mni by vurrewtivc modification* arid addition*, 
iltdi lag* tnny a mt<* from 4n attempt. h<*we\rr rid", to reduce 

the ficl^ now a mnulalrd—or raff^r certain r’vv-* of them_ 

tg something M * en*o»dmati««n. S,:rh mutt i*e t.V p!»-a for the 
w-scral volume- «h;<rf* are to nn«-o) th;* dealing with the 
respective tlirn-.ani of what «*< aiding-:: died at th«- outlet a* 
special fhiisMophy. 

1194. A dontij^ word* mutt he «*id concer n ing the general 
bearing* # c»f the doctrine* that are nerw to he further developed. 

Though it ia iopwibir to present misrepresentation*, especially 
•hen the question* involved are of a kind that excite so much 
animus, yet to guard against them a* far a* may be, it will he well 
f<* make a vumnet and emphatic restatement *>f the 1’hilosophico- 
K»digi«u* doctrine «l^rh pervade* the foregoing pages. 

Over and over again it luw l«cen *h»»»n sn various way*, that 
th|* deepest truths • r can reach are simply statements of the 
widest uniformities m our exjwncnoe* of the relations of Matter, 
>fSftan, and Force , and that Matter. Motion, and Force are hut 
omliuU of Uw Unknown Ihsliti, A Power of whu h the nature 
remain* for ever mconcrisable, and to which no limit* in Time or 
Space can hr imagines), works in »•* certain effects. These effects 
have ceriaii^»kr»e*v-s of kind, tHt* must general of which we class 
togetber^ndcr the "names of Matter, Motion, and Force; and 
between thews, effects there are likenesses of connexion, the most 
constant** of which wc^loss as iaws of the highest certainty. 
Analysis reduces these several kind* of effect to one kind of 
effect; and\hese several kinds of uniformity to one kind o? uni¬ 
formity. And the highest achievement of Science is the 
interpretation of all orders of phenomena, as differently-conditioned 
manifestations of this one kind of effect, under differently-con¬ 
ditioned modes if this one Idnd of uniformity. But when Science 
has done this, it has done nothing more than systematize our 
experiences, and has in no degree extended &e limits of our 
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experiences. We can my no more than before, whether the 
uniformities ate as absolutely n ece s sa ry as they have become to our 
’itmught relatively necessary. The utmost possibility for us is an 
interpretation of the process of things as it presents itself to 
our limited consciousness; but how this process is related to 
the actual process we are unable* to conceive, much 1cm to 
know. Similarly it must be remembered that yhile the 

connexion between the phenomenal order and*the ontological order 
is for ever inscrutable; so is the connexion between the conditioned 
forms of being and the unconditioned form of bring for ever inscrut¬ 
able. The interpretation of all phenomena in terms of Matter, 
Motion, and Force, is nothing more than the reduction of our 
complex symbols of thought to the simplest symbols; and when 
the equation lias been brought to its lowest terms the, symbols 
remain symbols still. Hence Uie reasonings contained ih the 
foregoing pages afford no support to either of the antagonist 
hypotheses respecting the ultimate nature of things. As l**fore 
implied, their implications an' no more materialistic than they a: 
spiritualistic; and no more spiritualistic than^ he v are material i-tii. 
The establishment of correlation and equivalence la-tween the fon-es 
of the outer and the inner worlds, serves to assimilate either to tj«e 
other, according as we set out with the one or the .other term. 
But he who rightly interprets the doctrine contained in this 'Work 
will see that neither of them ran be taken as ultimate. He will 
see that though the relation of subject ami object renders necessary 
to us these antithetical conceptions of Spirit and Matter ; the one i* 
no less than the other to Ik- regaAled as but a sign of^ie Unkmmr 
Reality which underlies both. 
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NOTE TO CHAPTERS XVII AND XFX 

A cdSVFPTtoN’ is certain to liear some murks of its genealogy. An 
instance is disclosed on tracing back the formula of Evolution to 
its incipient stages. 

If without external influence if had developed from the germ 
contained in Social Statics, where emphasis was laid on the truth 
that organisms ami societies are similar in this, that they at first 
consist of like parts performing like functions and afterwards consist 
of unlike parts jH-rforfuing unlike functions (implying increase of 
multiformity )„ the conception perhaps e\eutuallv reached would 
hart: taken a shape in which the progressing division of labour 
iave Ift-en conspicuous. As it happenetl. its incipient shape 
was changed by the generalization of von Baer, that every individual 
organism in the course of its development advances from the homo¬ 
geneous to the heterogeneous. Abstract as these words are. they 
presented the truth previously recognized, in a form which permitted 
extension of i.^from organic phenomena to inorganic phenomena. 
But they unawares carried with them certain implications that 
unduly affected the subsequent thoughts. The need for brevity 
had doubtless in part fixed von Baer's expression and for his 
putpwsc quayfieation was unimportant : there was no need* for 
saying that tlie homogeneity referred to is not absolute. Hence 
when adopting the word and extending its application from the 
physical to tlW* psychical, and then to other forms of existence than 
the organic, thcrc^lid not occur to me the necessity for excluding 
the thought of absoluteness. It is true that from time to time, as 
at the close of § 149 ami in a note on* page i2(>5, and elsewhere, I 
indicated the relative _sense in which the wort! was to Ik* understood ; 
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but as it was habitually used without repeating this warning, the 
door was left open for misinterpretation. It has been assumed 
that I am committed to the idea of absolute homogeneity, though 
I have positively excluded the assumption. Evidently, in view of 
probable criticisms, the phrase “ relative homogeneity ", should have 
been used throughout , 

Those further traits in the development of every embryo which 
were not recognized by von llaer as going along with the increas¬ 
ing heterogeneity—the increasing coherence and increasing definite¬ 
ness—are of course to be understood as having this same relativity 
throughout their applications to the inorganic and the sujier- 
organic as well as the organic. 

Tlius the transformation we call Evolution must lie regarded as 
falling between two ideal limits, neither of which is reached: is not 
to be thought of as beginning \Cith the one and ending with the 
other. There must always Ik* recognized, in the interpretation of 
its formula, that relativity whieh, as rejieatedly shown, characterizes 
all our knowledge. 

The way in which a further misapprehension is ppt to be pro- 
duced will best be shown bv some analogies. * 

xYfter sunset, Venus, lieeoming visible, quickly dravs 
but when, presently, stars co\er the heavens, the eyes are not 
specially fixed by any one of th in. In a room lined by a flower- 
patterned paper, you observe no flower in particular; but if a 
flower lie cut out and stuck on a whitewashed wall it will attract 
your gaze the moment you enter. A kindrsd efieM is illustrated 
on contemplating thc*cnd of a line. Contrasted as thi<cs with the 
empty space beyond, it impresses it-elf on consciousness in a greater 
degree than diyss any other portion of the line. 

'Ehe psychological truth thus exemplified, whence results a funda¬ 
mental principle of fine art (for artistic achievement of every kind 
mainly dejiends on due adjustment of contrasts), underlies also the 
art of exposition. Irrespective of their logical dependence, con¬ 
nected statements affect differently tlw* minds of recipients acconling 
to the order among the impressions given: some of them gaining 
effectiveness by'virtue of their positions. I perceive that, as a 
consequence, the title “The Instability of the. ‘Homogeneous" is 
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liable to mislead. It refers to one end of a long series of phenomena, 
and its place, by giving it more impressiveness than other parts of 
the series have, makes possible a wrong conception. The chapter 
bearing this title aims to show why, throughout all orders of exist¬ 
ences, there jntist go on a continual lapse into a more heterogeneous 
state, such as we had seen does go on. Of course to prove that all 
aggregates conform to this law, it was needful to begin with aggre¬ 
gates having no heterogeneity. But this putting a state of homo¬ 
geneity in the foreground, tends to produce the idea that it is more 
unstable than other states. Further, it leaves an opening for the 
idea that the validity of the argument defends on the existence of 
a state of homogeneity -the idea that if homogeneity nowhere 
exists, or has existed. the argument lapses. Such ideas were not 
intended «to lie given, nor are they implied ; and. as already pointed 
out, they have beam from time fo time excluded. The aim was 
simply to show that go back as far as we may, even to a homo¬ 
geneity which is unknown but only imaginable, the law necessarily 
holds. 

Contemplated from a higher jxiint of view, this law may be 
recognized as u corollary from the truth that change is universal 
( J unceasing. From the centre of our system down to a microbe, 
each aggregate is subject to incident forces derived from other 
aggregates large or small: even the Sun Ix iug affected by the 
planets. Nowhere is there that sheltering from inner •end outer 
influences which is implied by absolute rest. 

In aggrt,gulfs of some kinds incident forces produce changes that 
arc* evano ent. As was pointed out in | lthl, aeriform masses ami 
liquid masses, in which redistributions have lxv» set up by outer 
actions, allow no subsequent effects; their component* have not 
required cohesion. But all other aggregates are liable to have 
their components permanently affected in arrangement, or form, or 
quality. If, how, instead of contemplating a modification produced 
in an aggregate at one time only, we contemplate modifications 
produced time aftyr time, usually unlike as their causes are unlike, 
we see that there must result a perpetual superposing of modifi¬ 
cations upon modifications. We see that the continual increase of 
heterogeneity is a necessary consequence—that the transformation 
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of the homogeneous into the heterogeneous, and of this into the 
more heterogeneous, is the necessary effect of thes^ superpositions. 
Thus no special instability characterizes the homogeneous. It is 
simply that changes wrought in it are more conspicuous than are 
those wrought in anything already heterogeneous; anti also, that, 
standing at one end of the serjes of metamorphoses, it gains more 
attention than the rest This prominence has been causetl by the 
needs of the exposition. To show the universality of this perpetiftd 
increase of structure, it was requisite to begin with the structureless. 
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dealing with certain criticisms 

One way of estimating the validity of a critic’s judgments, is that of 
studying his mental peculiarities as generally displayed. If he betrays 
idiitsviM Bisirs of thought in his writings at large, it may l>e inferred 
that these idiosyncrasies |H>ssihly, if nut prolwbly, give a character to 
the verdicts he passes ujmju the productions of others. I am led to 
make this remark by considering the prolwhle connexion lietween 
Professor Tail's habit of mind as otherwise shown, and as shown in the 
opinion he has tacitly expressed resjH-cting the formula of Evolution. 

Daily carrying on «xperime»tal researches. Professor Tail is pro¬ 
foundly impressed with the supreme value of the experimental 
method; and*has reached the conviction that by it alone can any 
physical knowledge Ik- gained. Though he calls the ultimate truths 
.ri*ohvsics “Axioms,” yet, not very consistently, he alleges that only by 
observation and experiment can these “axioms” be known as such. 
Passing over this inconsistency, however, we have here to note the 
implied proposition that where no observation or experiment is pos¬ 
sible, no physical truth can be established; and, indeed, that in the 
absence of any jmssibility of experiment or observation there is no basis 
for any physical licljvf at all. Now The I'nseen l’niterse, a work 
written bv him in conjunction with Professor {labour Stewart, contains 
an elaborate argument concerning the relations between the Universe 
which is visible to us i»ui tut invisible Universe. This argument, 
carried on in pursuance of physical laws established by converse with 
>the«Univcrsp we know, extends them to the Universe we do not 
know: the law of the Conservation of Energy, for example, being 
regarded as <*>nunon to the two, and the principle of Continuity, which 
is traced among perceptible phenomena, being assumed to hold like¬ 
wise of the imperceptible. On the strength of these reasonings, 
conclusions are drawn which* are considered as at least prolvable: 
support is found for certain theological beliefs. Now, clearly, the 
relation between the seen and the unseen Uni vetoes cannot be the 
subject of any observation or experiment; since, by the definition of it, 
one term of the relation is absent. If.we have, then, no warrant for 
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asserting • physical axiom mtc as a generalisation o£ results of experi¬ 
ments— if. consequent! v, where mo olmcrvatfcm or experiment is possible, 
reasoning after physical methods can have no place; tften there can be 
no basis for any conclusion respecting the physical relations of the seen 
and the unseen Universes Not so, however, concludes Professor Tait, 
He thinks that while no validity can,be claimed for oua judgments 
respecting perceived forces, sa$e as experimentally justified, some 
validity can be claimed fllr our judgments respecting un perceived 
forces, where no experimental justification is possible. , 

The peculiarity thus exhibited in Professor J’aits general thinking, 
is exhibited also in some of his thinking on those special topics witii 
which he is directly concerned as a Professor of Physics. An instance 
was given by Professor Clerk Maxwell when reviewing, in S’alare for 
July S, 18?0. the new edition (1S7f>> of Thomson and Tait's Treatise 

an Satural Philosophy. Professor Clerk-Maxwell writes :— 

• 

“ Ajjvin at p. -‘2-. the capacity of the student is called ujvjtt to accept tbs 
following statement:— # • 

* Matter has an innate jtower <>f rwisting external influences, so that every Ixtdv, aa 
far as it can, remains at ri-st *>r u.'.if Truly in a straight line.' 

It it a fact that ‘matter’ has any p »tr, either innate or acquired, of resisting 
external influences t ” 

And to Professor Clerk Maxwell’s question thus/tut, the answer of one 
not having a like mental jicculiarity with Professor Tait, must surely 
be—No. • 

But the most remarkable example of Professor Tint's mode of thought, 
as exhibited in his own department, is contained in a leotvre which lie 
gave at Glasgow when the British Association last met thcrC‘*C$ee 
S'ature, September 21, 1876;—a lecture given for the purpose of dis¬ 
pelling certain erroneous conceptions of fort ** commonly entertained. 
Asking how the word force 11 is to lie correctly used ” he says:— 

“ Here we cannot but consult Newton.* The sense in which uses the word 
'force.'and therefore the sense in whb.ii w>- must continue to use it if we desire to 
avoid intellectual confusi-m, will siux-ar clearly from a brief consideration of his simple 
statement of the laws of motion. The iir»t of tb«-se law* is : Every body continues is 
its stale of rest or of uniform motion in a straujht hnt^ except in so far as it is com¬ 
pelled by impressed farces to change that state." 

t 

Thus Professor Tait quotes, and fully approves, that conception of fior&c • 
which regards it as something which changes the state of a body. 
Later on in the course of his lecture, after variously setting forth his 
views of how force is rightly to be conceived, be says " force is the 
rate at which an agent does work per unit of length.' Now let us 
compare these two definitions of force. 4t is first, o« the authority of 
Newton emphatically endorsed, said to be that which changes the state 
of a body. Then it is said to be the rate at which an agent does work 
{doing work being equivalent to changing a body's state). In the 
one case, therefore, force itself is the agent whiph does the work or 
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change* the itetej In the other ewe, force is the rste *t which some 
other agent does* the work or changes the state How ere these 
lUfcmcttU to Iwr ressunciled ? Otherwise put the difficulty stands 
lit us; force fa that which changes the state of • body ; force is a rate, 
and a rate Is * relation (<# lxrtween time and di‘-m»-e, interest and 
capital); therefore a relation change* the state of a laxly. A relation 
is no longer a mrxu* among pTieuonten*, hut l*ecomcs a producer of 
phctuimsti*. Whether PniVw>«*r T.».l *ur*eeded in dr-piling ** the 
i|itlr**prrad ignorance as t*» .?unr *>1 the most important elementary 
principles of physic*”- whether In., audience went aw.iy with clear 
ideas of the " much abused and misunderstood term” force, the report 
does not tell us 

Let us pas* now from these illustration* of Professor Tait’s judgment 
os exhibited in his sjiecial dejwrtment, to the consideration of his 
judgment on a wider question hen* before us—the formula of 
Evolution. In Xaturc for July 17. 1S?J), while reviewing Sir Edmund 
Beckett % Origin of tht 1 m»s of Satvre and praising it, he says of the 
author:— 

** He out in fact, in hi* own wav, the hint given by a great mathematician 

{Kirkman) wb*> mode the f.>li>.wing cxj-.;:*,i> trai.-’.ali t, >*f a mdikn.wn definin' n : 
—Kvelutiwtt s» a change* from mu in i* brute, uus hen ist, hom 'genejty t* 1 a <ielii«iu*. 
colier* nt, hi*t»rvg.*n«ty, through c- nuiiu’us I::!>rrtinVi;.*ns au.i miegrati--ns.* 

{ Tritnjiaiicn into piain^K - t un. * Kv,.!u;i..n i* a vi-n.gv fr.m a noh-.'Wish, untalk* 
ebouUhlc, ai!-*hkcnn*ii, tea *otn**h. wi.-,h ami in-g*':.«*r.*I- , .*!k*!'oytable not-ail-oiike 
nc*», by cunttnautta aoniethingflM-ihcotu-n-v and atnktvgetheratious.” 

• 

Professor,Tait, proceeding then to quote from Sir Edmund Beckett s 
’ fk« * >jwessages in which, as he thinks, there is a kindred tearing off of 
disguises from the expressions use d hv other authors, winds up by 
saying—"When the purpiM-ly vague statements ot the materialists 
and agnostics are thus stripp'd of the tinsel of high-flown and unin> 
telligihk* language, the eyes of the thoughtless who have accepted 
them on authority (!) are at last opened, ami they are ready to exclaim 
with Titania, ' Meth.tiks I was enamoured of an ass."’ And that Mr 
Kirkman similarly believes that his travesty proves the formula ol 
Evolution to be meaningless, is shown by the sentence which follows 
it —“ Can any man show* that my translation is unfair ? ” 

, One would have thought that Mr. Kirkman aiwl Professor Tait, 
however narrowly they limited themselves to their special lines of 
inquiry, could hardly have avoided observing that in proportion as 
scientific tefms express wider generalities, they necessarily lose that 
• 

• A conscientious critic usually consult* the latest edition of the work he criticise*, 
so that the author guay have tbe,l*>ru>tU of any corrections or alterations he baa 
made. Apparently Mr. Kirkuian does not think such a precaution needful. 
Publishing in l»7d his Phoosophit without .issumyiums, from which the above 
wn, age it taken, ho quotes from the first edition of First JPrineivUs published is 
180g; though Lb the edition of 1SC7, and all subsequent ones, the definition it, 
in eapreeeiou, considerably modified—two of the leading words being no laager used. 
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vividness of suggestion which words of concrete meanings have; and 
therefore to the uninitiated seem vague, or even empty. If Professor 
Tait enunciated to a rustic the physical axiom, "actidn and reaction 
we equal and opposite/' the rustic might not fmprolmhly fail to form 
any corresponding idea. And he might, If his self-confidence were 
akin to that of Mr. Kirkman, conclude that where he saw qo meaning 
there could be no meaning. Further, if, after the axiom had been 
brought partially within hisr comprehension by an example, J»c were 
to laugh at the learned words used and propose to say instead— 
“ shoving and hack-shoving are one as strong a^ the other; ” it would 
possibly be held by Professor Tjit that this way of putting it is 
hardly satisfactory. If he thought it worth while to enlighten the 
rustic, he might perhaps point out to him that his statement did not 
include all the facts—that not only shoving and hack-shoving, but 
also pulling and hack-pulling, are one as strong as the other. 
Supposing the rustic were not too conceited, be might eventually be 
taught that the abstract, and to him seemingly vague, •fojmula 
“action and reaction are equal and <?pj»osite/' was chosen because by 
no words of a more specific kind could be expressed the truth in its 
entirety. Professor Tait however, and Mr. Kirkman, though the 
physical and mathematical terms they daily employ arc so highly 
abstract as to prove meaningless to those who are unfamiliar with the 
concrete facts covered by them, seem not to havF drawn any general 
inference from this habitual experience. For had they done so, they 
must have been aware that a formula expressing all orders of changes 
in their general course—astronomic, geologic, biologic, psychologic, 
sociologic—could not possibly be framed in any other than words » 

highest abstractness. Perhaps there may come the rejoinder that they 
do not believe any such universal formula is possible. Perhaps they will 
say that the on-going of things as shown in pur planetary system, has 
nothing in common with the on-going of things which has brought 
the Earth's crust to its present stVe, and that this h{js nothing in 
common with the on-going of things which the growths and actions of 
living bodies show us; although, considering that the laws of molar 
motion and the laws of molecular action are proved to hold true of 
them all, it requires considerable courage to assert that the modes of 
co-operation of the physical forces in these several regions of 
phenomena present no traits in common. But unless they allege 
that there is one law for the re-distribution of matter and motion in 
the heavens, and another law for the re-distribution of *matter and 
motion in the Earth’s inorganic masses, and another law fjpr its organic 
masses—unless they assert that the transformation everywhere in 
progress follows here one method and* there another; they must 
admit that the proposition which expresses the general course of the 
transformation can do it only in terms remote in the extremest degree 
from words suggesting definite objects and actions. 
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After noting the unconsciousness thus betrayed by Mr. Kirkman 
and Professor Ttut, that the expression of highly abstract truths 
necessitates highly abstract words, we may go on to note a scarcely 
less remarkable anomaly of thought shown by them. Mr. Kirkman 
appears to think, and Professor Tait apparently agrees with him in 
thinking, £hnt when one of these abstract words coined from Greek 
or Latin roots is transformed into an uncouth-looking combination 
of equivalents of Saxon, or rather'old English, origin, what they 
regard as its misleading glamour is thereby dissipated and its mean¬ 
inglessness made manifest. We may conveniently observe the nature 
of Mr. Kirk man's belieT, by listening to an imaginary addition to that 
address before the Literary and Philosophical Society of Liverpool, in 
which he first set forth the leading ideas of his volume; and we may 
fitly, in this imaginary addition, adopt the manner in which he 
delights. 

“Oliscrve, gentlemen,” we may supjwse him saying, "I have here 
the yoll» of an egg. The evolutionists, using their jargon, say that one 
of its characters is * homugeneitw; ’ and if you do not examine your 
thoughts, perhaps you may think that the word conveys some idea. 
But now if 1 translate it into plain Knglish and say that one of the 
characters of this yolk is ‘ all-alikcness,’ you at once perceive how 
nonsensical is their statement. You see that the substance of the 
yolk is not all-alike,* and that therefore all-alikeness cannot be one 
of its attributes. Similarly w ith the other pretentious term * hetero¬ 
geneity,* wlrtch, according to them, describes the state things are 
brought to by what they call evolution. It is mere empty sound, as is 
>"»njfest if f do hut transform it, as I did the other, and say instead 
* not-all-alikcncss.' For on showing you this chick into which the yolk 
of the egg turns, you will see that *' not -all-alikeness ’ is a character 
which cannot lie claimed for it. How can any one say that the parts 
of the chick are not -all-art ke f Again, in their blatant language we 
are told that evolution is carried yn hv continuous ‘differentiations', 
and they would have us believe that this word expresses some fact 
But if we put instead of it 1 somethingelseifie^tions' the delusion they 
try to practise on us becomes clear. How can they say that while the 
parts have been forming themselves, the heart has been becoming 
something else than the stomach, and the leg something else than the 
4ri«g, and tjie head something else than the tail ? The like manifestly 
happens when for * integrations 1 we read ‘ sticktogetherations ■ ’ what 
sense the term might seem to have becomes obvious nonsense when 
the substituted word is used. For nobody dares assert that the parts 
of the chick stick together any more than do the parts of the yolk, f ' 
need hardly show you that«now when I take a portion of the yolk 
between my fingers and pull, and now when I take any part of the 
chick, as the leg, and puli, the first resists just as piuch as the last— 
the last does not stick together any more than the first; so that them 
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has been no progress in ' stiektogeth orations.’ And thus, gentlemen, 
yon perceive that these big wiords which, to the* disgrace of the 
Royal Society, appear even in papers published by* it, are mere 
empty bladders which these would-be philosophers use to buoy up 
their ridiculous doctrines." 

There is a farther curious mental trait exhibited by Mr # Kirk man 
and which Professor Tait appears to havf in common with him. Very 
truly it has been remarked «that \hcre is a great difference tjetween 
disclosing the absurdities contained in a thing ayd piling absurdities 
upon it; and a remark to be added is that some minds appear incap¬ 
able of distinguishing between intrinsic aUsurditv and extrinsic 
absurdity. The case before us illustrates this remark; and at the 
same time shows us how analytical faculties of one kind may be 
constantly exercised without strengthening analytical faculties of 
another kind—how mathematical analysis may he daily practised 
without any skill in psychological analysis Ixang acquired. For if 
these gentlemen had analyzed their own thoughts to any purpose, they 
would have known that incongruous juxta|H>siLions may, by association 
of ideas, suggest characters that do not at all belong to the things 
juxtaposed. Did Mr. Kirkman ever observe the result of putting a 
bonnet on a nude statue? If he ever did, and if he then reasoned 
after the manner exemplified above, he doubtless concluded that the 
obscene effect belonged intrinsically to the statue, and only required 
the addition of the lionnet to make it conspicuous. The alternative 
conclusion, however, which perhajts most will draw, is that not in the 
statue itself was there anything of an obscene suggestion, but that this 
effect was purely adventitious: the lx.»nnet, connected in diuly exjjjyu* 
ence with living women, calling up the thought of a living woman 
with the head dressed but otherwise naked. Similarly though, by 
clothing an idea in words which excite a feeling of the ludicrous by 
their oddity, any one may associate this feeling of the ludicrous with 
the idea itself, yet he does not thereby make the idea ludicrous; and 
if he thinks he does, he shows that he has not practised intrasf>ection 
to much purpose. 

By way of a lesson in mental discipline, it may be not uninstructive 
here to note a curious kinship of opinioa between these two 
mathematicians anfl two litterateurs. At first sight it appears strange 
that man whose lives are passed in studies so absolutely scientific «as* 
those which Professor Tait and Mr. Kirkman pursue, should, in their 
judgments on the formula of Evolution, be at one with two men of 
exclusively literary culture—a North American Reviewer and Mr. 
‘Matthew Arnold. In the North American Iteviem, vol. 120 page 202, a 
critic, after quoting the formula of Evolution, says:—“.This may be all 
true, but it seems at best rather the blank form for a universe than 
anything corresponding to the actual world about us." On which the 
comment may be tiiat one who had studied celestial mechanics as 
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bhmiH m the wri yw y hm #tsMi*r<$ the general emm of twm&nmthm, 
might rirodarlr have remarked that thf formula—" Iwclk* attract one 
•iMiUiet directly u tlirtr masses and inversely a* the wfuarrs of their 
distances,'’ «u at best but a (dank form for *o!ar *r* terns and mdenal 
clusters. M Uh this :«arctghcUcnl comment I paas to the fact above 
hinted, that Mr. Matthew Arnold obviously coincides with the reviewer's 
estimate of the formula. In Chapter V. of his work God and the Bible, 
when preparing the way for a criticism on (ierman theologians as lasing 
therosefvea in wort^j, he quotes a saying from Homer. This he 
introduces by remarking that it " is not at all a grand one. We are 
almost ashamed to qudte it to readers who may have come fresh from 
the last number of the Sorth A merit-in Renew, and from the great sen¬ 
tence there quoted as summing up Mr. Herbert Spencer's theory of 
evolution :—' Evolution is &c.’ Homer’s |x>or little saying comes not 
in such formidable shape. It is only this :— Wide it the range of word* ! 
word* may make this tray or that nay." And then he proceeds with his 
refiectittus upon German logomachies All of which makes it manifest 
that •going out of his way, as he does, to quote this formula from the 
Sorth imeriean Iirt trtr, he intends tacitly to indicate his agreement in 
the re\ iewer’s estimate of it. 

That these two men of letters, like the two mathematicians, are 
unable to frnmc ideas answering to the wortls in which evolution at 
large is expressed, seems manifest. In all four the verbal synilvols 
used call up either no images, or images of the vaguest kinds, which, 
grouped together, form but the most shadowy thoughts If, now, we 
«&k what is the common trait in the education and pursuits of all four, 
„*re_see it io be lack of familiarity with those complex processes of 
change which the concrete sciences bring before us. The men of 
letters, in their earlv days dieted on grammars and lexicons, and in 
their later days occupied with belles lettres. Biography, and a History 
made up mainly of |>erson?«)itics, arc bv their education and course of 
life left almost without scientific ideas of a definite kind. The 
universality of physjcal causation—the interpretation of all things an 
terms of a never-ceasing re-distribution of matter and motion, is 
naturally to them an idea utterly alien. The mathematician, too, and 
the mathematical physicist, occupied exclusively with the phenomena 
of number, space, and time, or, in dealing with fiyces, dealing with 
them in the abstract, carry on their researches in sueh ways ys may, 
and ollen do, leave them quite unconscious of the traits exhibited by 
the general transformations which things, individually and in their 
totality, undergo In a chapter on “Discipline* in the Study of 
Sociology, I nave commented ujx»n the uses of the several groups of* 
Sciences—Abstract, Abstract-Concrete, and Concrete—in cultivating 
different powers of mind; and have argued that while for complete 
preparation, the discipline of each gfoup of sciences is indispensable, 
the discipline of any one group alone, or any two groups, leaves certain 
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defects of judgment. Especially have I contrasted the analytical 
habit of thought which study of the Abstract and Abstract-Concrete 
Sciences produces, with the synthetical habit of thought, produced by 
study of the Concrete Sciences. And I have exemplified the defects 
of judgment to which the analytical habit, unqualified by the 
synthetical habit, leads. Here we meet with a striking y lustration. 
Scientific culture of the analytical kind, 'almost as much as absence of 
scientific culture, leaves the jnind* bare of those ideas with which the 
Concrete Sciences deal. Exclusive familiarity yrith the forms and 
factors of phenomena no more fits men for dealing with the products ift 
their totalities, than docs mere literary study. ‘ 

An objection made to the formula of evolution by a sympathetic 
critic, Mr. T. E. Cliffe Leslie, calls for notice. It is urged in a spirit 
widely different from that displayed by Mr. Kirkman and his appiauder 
Professor Tait; and it has an apparent justification. Indeed many 
readers who before accepted the formula of Evolution in full, will, after 
reading Mr. Cliffe Leslie’s comments„agree with him in thinking* that 
it is to be taken with the qualifications he points out. We shall find, 
however, that a clearer apprehension of t he meanings of the words used, 
and a clearer apprehension of the formula in its totality, excludes the 
criticisms Mr. Leslie makes. 

In the first place he dissociates from one another those traits of 
Evolution which I have associated, and which I have alleged to be 
true only when associated. He quotes me as saying that a change 
from the homogeneous to the heterogeneous characterizes all evolution ; 
and he puts this at the outset of his criticism as though f made this *, 
change the primary characteristic. But if lie will refer to First 
Principles, Part II. chap. 14 (in the second and subsequent editions) he 
will find it shown that under its primary aspect, Evolution “ is a change 
from a less coherent form to a more coherent form, consequent on the 
dissipation of motion and integration of matter." The next chapter 
contains proofs that the change frofu homogeneity to heterogeneity 
is a secondary change, which, when conditions allow, accompanies the 
change from the incoherent to the coherent. At the beginning of the 
chapter after that, come the sentences—“ But.docs this generalisation 
express the whole truth? Does it include everything essentially 
characterizing Evolution and exclude everything else? . . ., A critical 
examination of the facts will show that it does neither.” And the 
chapter then goes on to show that the change is from an indefinite 
incoherent homogeneity to a definite coherent heterogeneity. Further 

a ualifications contained in a succeeding chapter, bring the formula to 
lis final form—" Evolution is an integration of matter end concomitant 
dissipation of motion; during which the matter passes from an indefinite, 
incoherent homogeneity to a definite, coherent heterogeneity; and 
during which the retained motion undergoes a parallel transformation.” 
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Now if these various traits of the process of Evolution are kept 
simultaneously in view, it will be seen that most of Mr. Cliffe Leslie's 
objections fail to apply. He says:— 

“ The movement of language, law, and political and civil anion, is for the most 
part in an opposite direction. Ip, a savage country like Africa, speech is in a per¬ 
petual flux, and new dialect* spring up with every swarm from the parent hive. In 
the civilized world the unification of language is rapidly proceeding. 

H^re two different ideas are involved— -the evolution of a language con¬ 
sidered singly, and the evolution of languages considered as an aggregate. 
Nothing which he says implies that any one language becomes, during 
its evolution, less heterogeneous. The disapfiearance of dialects is not 
a progress towards the homogeneity of a language, but is the final 
triumph of one variety of a language over the other varieties, and the 
extinction of them: the conquering variety meanwhile becoming 
within itself more heterogeneous. This, too, is the process which 
Mr. Leslie refers to as likely to end in an extinction of the Celtic 
languages. Advance towards homogeneity would be shown if the 
varioir languages in Europe. hayjng been previously unlike, were, 
while still existing, to liecomc gradually more like. But the 
supplanting of one by another, or of some by others, no more implies 
any tendency of languages to liecome alike, than does the supplanting 
of species, genera, orders, and classes of animals, one by another, during 
the evolution of life, jntpiy the tendency of organisms to assimilate 
in their natures. Even if tin* most heterogeneous creature, Man, 
should overrun the Earth and extiqiate the greater part of its other 
inhabitants, it would not imply any tendency towards homogeneity 
in the proper sense. It would remain true that organisms tend 
perpetually towards heterogeneity, individually and as an assemblage. 
Of course if all kinds but one were destroyed, they could no longer 
display this tendency. Display of it would la* limited to the remain¬ 
ing kind, which would eont.nue, as now, to show it in the formation 
of local varieties, becoming gradually more divergent; and the like is 
, true of languages. 

In the next case tor. Leslie identifies progressing unification with 
advance towards homogeneity. His words are — 

“ Already Europe has near?/ consolidated itself into a Heptarchy, the number 
of atat«s into which England itself was once divided : and the remit of the American 
W-r exemplifies the prevalence of the force* tending to homogeneity over-those 
tendidg to heterogeneity.” 

To this the reply is that these eases exemplify, rather, the prevalence 
of the forces which change the incoherent into the coherent—which 
effect integration. That is, they exemplify Evolution under its 
primary aspect. ,In the l*rinciples of' XmiWogy, Part II. chap. 3, 
Mr. Leslie will find numerous kindred cases brought in illustration of 
this law of Evolution. To which add that such integrations bring 
alter them greater heterogeneity, not greater homogeneity. The 
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divisions of the Heptarchy were societies substantially like one 
another in their structures and activities; but the parts of the 
nation which correspond to them have been differentiated into parts 
carrying on varieties of occupations with entailed unlikenesses of 
structures—here purely agricultural, there^ manufacturing; here pre¬ 
dominantly given to coal mining and iron smelting, there to weaving; 
here distinguished by scattered villages, there by clusters of large 
towns. 

Again, it is alleged that an increasing homogeneity is shown in 
fashion. " Once every rank, profession, and district had a distinctive 
garb; now all such distinctions, save with the priest and the soldier, 
have almost disappeared among*men." But while for a reason to be 
presently pointed out, there has occurred a change which has 
abolished one order of differences, differences of another order, far 
more multitudinous, have arisen. Nothing is more striking than the 
extreme heterogeneity of dress at the present day. As Mr. Leslie 
alleges, the dresses of those forming each class were once all alike; 
now no two dresses are alike. Within the vague limits of the rurrent 
fashion, the degree of variety in women’s costumes is infinite; and 
even men's costumes, though having average resemblances, diverge 
from one another in colours, materials, and detailed forms in innumer¬ 
able ways. 

Other instances given by Mr. Leslie eoneen| the organisations for 
carrying on nroduction and distribution. He argues that—- 

• In the industrial world * generation ago a constant movement toward? a 
differentiation of employments and functions ; now some marked tendencies 

to their amalgamati n have begun to di>ci>*e th“iuvlvc*. Joint Stock Cotupawisfr 
have almost effaced all real division of lat>our in the wide region of trade within 
their operation.” 

Here, as before, Mr. Leslie represents amalgamation as equivalent 
to increase of homogeneity; whereas amalgamation is but another 
name for integration, which is the,primary process in ^Evolution, and 
*which may, and does, go along with increasingf heterogeneity in the 
amalgamated things, It cannot be said that a Joint Stock Banking 
Comjwiny, with its proprietor}’ and directors in addition to its officers, 
contains fewer unlike jiarts than does a pfivate Banking establish¬ 
ment : the contrary must be said. A Railway Company has far’ more 
numerous functionaries with different duties, than had «the on*, *or* 
the many, coaching > establishments it replaced. And then, apart 
from the fact that the larger aggregate of co-operators who, as a 
Company, carry on, say a process of manufacture, is mqfe complex as 
well as more extensive; there is the fact, here chiefly to be noted, 
that the entire assemblage of industrial •structures it, by the addition 
of these new structures, made more heterogeneous than before. Had 
all the smaller manufacturing establishments, carried on by individuals 
or firms, been destroyed, the contrary might have been alleged ; but 
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•s it is, we see that in addition to all the old forms there have come 
these new forms, •making the totality, of them more multiform than 
before. Mr. Laslie further illustrates his interpretation by saying:— 

" Many of the things for sale in a village huckster's shop were formerly the 
■objects of distinct branch** of trasiness in a large town ; now the wares in which 
score* of different retailers dealt, are all to be bad in great establishments in New 
York, Paris, and London, which sometimes bay direct from the producers, thus also 
eliminating the wholesale dealer.” 

• 

Replies akin to the preceding ones arc rejtdily made. The first Is 
tfiat wholesale dealers ljave not le-en at present eliminated; and can¬ 
not lie so long as the ordinary sh<jpkeepcrs survive, as they will 
certainly do. In the smaller places, forming the great majority of 

E laces, these vast establishments cannot exist; and in them, shop- 
eopers carrying on business as at present, will continue to necessitate 
wholesale dealers. Even in large places the same thing will hold. It 
is only people of a certain class, able to pay ready money and willing 
to go^frCat distances to purchase, who frequent these large establish¬ 
ment* Those who live from hand t<» mouth, and those who prefer to 
buy at adjacent places, will maintain a certain proportion of shops, 
and the wholesale distributing organization needed for them. Again, 
we have to note that one of these great stores, such as Whitelev’s or 
Shoolbred’s, docs not within itself display any advance towards 
homogeneity or de-sp^cialization ; for it is made up of many separate 
departments, with their separate heads, carrying on business sub¬ 
stantially separate—all superintended by one owner. It is nothing but 
an aggregate of shojre under one roof instead of under the many roofs 
.Bveying the*side of a street; and exhibits just as much heterogeneity 
.as the shops do when arranged in line instead of massed together. 
That which it really illustrates is a new form of integration, which is 
the primary evolutionary process. And then, lastly, comes the fact 
that the distributing organization of the country, considered as a 
whole, is by 9 the addition of these establishments made more 
heterogeneous than before. All the old tyjas of trading concern! 
continue to exist; and here arc new tyj»es aisled, making the entire 
assemblage of them u»orc varied. 

From these objections fiiade bv Mr. I^eslie which I have endeavoured 
to show result from misapprehensions. I pass to two *>thers which arc 
to* l* met by taking account of certain complicating facts liable *to be 
overlooked. Mr. Leslie remarks that:— 

"In the early stages of social p’ groan, again, a differentiation takes place, as 
Mr. Spencer has*observed, between political and industrial functions, which fall to 
distinct classes ; now a man is a merchant in the morning and a legislator at night; 
in mercantile business one year, and the next perhaps head of the Nary, like Mr. 
Goachen or Mr, W. H. Smith.” 

Nothing contained in tins volume expl&ins the seeming anomaly here 
exemplified; but'anyone who turns to a chapter in the second part 
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of the Prmdptn of Sociology, entitled “ Social M etamorphoeea, " will 
there find » doe to the explanation of it; end *411 *te that it 
Is a phenomenon consequent on the progressing dissolution of one 
type and evolution of another. The doctrine of Evolution, cur¬ 
rently regarded as referring only to the. development of species. Is 
erroneously supposed to imply some intrinsic proclivjtv in every 
species towards a higher form; and, •similarly, a majori(!V of readers 
make the erroneous assumption that the transformation which 
constitutes Evolution in its wider sense, implies^ an intrinsic ^tendency 
to go through those changes which the formula of Evolution expres***. 
But all who have fully grasped the argument of this work, will see * 
that the process of Involution it not necessary, but depends on con¬ 
ditions; and that the prevalence of it in the Universe around, is 
consequent on the prevalence of these conditions : the frequent 
occurrence of Dissolution showing us that where the conditions are 
not maintained, the reverse process is quite as readily gone through. 
Bearing in mind this truth, we shall be prepared to find that the 
progress of a social organism towards more heterogeneous and more 
definite structures of a certain type continues only as long as the 
actions which produce these effects continue in play. We shall expect 
that if these actions cease, the progressing transformation will cease. 
We shall infer that the particular structures which have been formed 
by the activities carried on, will not grow more heterogeneous and 
more definite ; and that if other orders of activities, implying other 
sets of forces, commence, answering structures of another kind will 
begin to make their appearance, to grow more heterogeneous .aid 
definite, and to replace the first And it will be manifest that wljjle 
the transition is going on—while the first structures are dissolving and 
the second evolving—there must be a mixture of structures causing 
apparent confusion of traits. Just as during the metamorphoses of 
an animal which, having during its earlie. existence led one kind of 
life, has to develop structures fitting it for another kind of life, there 
!.must occur a blurring of the old organisation while the new organization 
is becoming distinct, leading to transitory anomalies of structure; so, 
during the metamorphoses undergone by a society in which the 
militant activities and structures are dwindling while the industrial 
are growing, tt^e old and new arrangements must be mingled in a 
perplexing way. On reading the chapter in the Principles oj Socialjgy 
which I have named, Mr. Leslie will see that the above tacts referred 
to by him are interpretable as consequent on the transition from that 
type of regulative organization proper to militant life, to that type of 
regulative organization proper to industrial life; and Chat so long as 
these two modes of life, utterly alien, in their natures, have to be 
jointly carried on, there wilt continue this jumbling of the regulative 
systems they respectively require. 

The second of Ihe objections above noted, as neqding to be other- 
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wise dealt with than by farther explanation of the formula of Evolu¬ 
tion, concerns the4ncrea*e of likeness among developing systems of Civil 
Law; in proof Qf which increase of likeness Mr. Leslie quotes Sir Henry 
Maine tojthe effect that 'all laws, however dissimilar in their infancy, 
tend to resemble each o$er in their maturity:' the implication to 
which Mr. Leslie draws attention, being that in respect of their laws 
societies Income not more heterogeneous but more homogeneous. 
Now though in their details, systems of L#gv will, 1 think, be found to 
acquire Vs they evolve, an increasing number of differences from one 
another; yet in their cardinal traits it if probably true that they 
usually approximate. "How far this militates against the formula of 
Evolution, we shall best see by first Ansidering the analogy furnished 
by animal organisms. Low down in the animal kingdom there are 
simple molluscs with but rudimentary nervous systems—a ganglion or 
two and a few fibres. Diverging from this low tyj>e we have the 
great sub-kingdom constituted by the higher Mollusca and the still 
greater ^sub-kingdom constituted bv the Vertebrata. As these two 
tyjK-«ftsv 0 |ve, their nervous system^ develop; and though in the highest 
members of the two they remain otherwise unlike, yet they approxi¬ 
mate in so far that each acquires great nervous centres: the large ceph- 
alopods have clustered ganglia which simulate brains. Compare, again, 
the Mollusca and the Articulata in respect of their vascular systems. 
Fundamentally unlike as these are originally, and remaining unlike as 
they do throughout many successive stages of ascent in these two 
sub-kingdoms, they nevertheless are made similar in the highest 
ftfrnis of both by each having a central propelling organ—a heart. 
Vow in three and in some cases which the external organs furnish, 
sudi as the remarkable resemblance Evolution has produced between 
the eyes of the highest Mollusca and those of the Vertebrata, it may 
be said that there is implied a change towards homogeneity. No 
ecologist, however, would Sdmit that these facts really conflict with the 
general law of Organic Evolution. As already explained, the tendency 
to progress f&tn homogeneity t<f heterogeneity is not intrinsic byt 
extrinsic. Structures become unlike in consequence of unlike exposures 
to incident forces. This is so with organisms*as wholes, which, as they 
multiply and spread, ar%ever falling into new sets of conditions; and 
it is%o with the parts of each organism. These pass from primitive 
likeness injo unlikeness, as fast as the mode of life places tljem in 
different relations to actions—primarily external and secondarily 
internal; aryl with each successive change in mode of life new unlike¬ 
nesses are superposed. One of the implications is that if in organisms 
otherwise different, there arise like sets of conditions to which certain 
parts are subjec|, such parts,will tend towards likeness; and this is 
what happens with their nervous and vascular systems. Duly to co¬ 
ordinate the actions of all parts of an.active organism, there requires a 
controlling apparatus; and the conditions to be fulfilled for perfect 
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co-ordination, are conditions common to all active organisms. Hence, 
is proportion as fulfilment approaches completeness in the highest 
organisms, however otherwise unlike their types ary, this apparatus 
acquires in all of them certain common character*—especially extreme 
centralisation. Similarly with the appnratqp for distributing nutriment 
The relatively high activity accompanying superior organisation, 
implies great waste; great waste implies active circulatidh of blood; 
active circulation of blood implies efficient propulsion ; so that a heart 
becomes a common need for highly evolved creatures, however other¬ 
wise unlike their structures may l>e. Thus is*it, too, with societies. 
As they evolve there arise certain conditions to be fulfilled for the 
maintenance of social life : and fn proportion as the social life Iwcomes 
high, these conditions need to be more effectually fulfilled. A legal 
code expresses one set of these conditions. It formulates certain 
regulative principles to which the conduct of citizens must conform 
that social activities nuv lie harmonious!v carried on. And these 

0 * • i 

regulative principles tiring in essentials the same everywhere,,it results 
that systems of I#aw acquire certain general similarities as the most 
developed social life is approached. 

These special replies to Mr. Leslie's objections are, however, but 
introductory to the general reply : which would t»e, 1 think, adequate 
even in their absence. Mr. Leslie's method is that of taking detached 
groups of social phenomena, as those of language, of fashion, of trade, 
and arguing (though as I have sought to show, not effectually) that 
their later transformations do not harmonize with the alleged general 
law of Evolution. But the real question is, not whether we find 
advance to a more definite coherent heterogeneity in*these talq»n 
separately, but whether we find this advance in the structures* and 
actions of the entire society. Even were it true that the law does not 
hold in certain orders of social processes and products, it would not 
follow that it does not hold of social procu sses and products in their 
totality. The law is a law of tiie transformation of aggregates; and 
must be tested by the entire asse mblages of phenonfena which the - 
aggregates present. Omitting societies in states of decay and dissolu¬ 
tion, which exhibit the converse change, and contemplating only 
societies which are growing, Mr. Leslie will, J think, scarcely allege of 
any one of them that its structures and functions do not, taken alto¬ 
gether, exhibit increasing heterogeneity. And if, instead of taking, 
each society as an aggregate, he takes the entire aggregate of societies 
which the Earth supports, from primitive hordes up to highly civilized 
nations, he will scarcely deny that this entire aggregate has been 
becoming more various in the forms of societies it includes, and is still 
becoming more various. 

[Some little time after this appendix no* published, Prof. Cliffe Leslie, 
with a candour extremely rare among critics, acknowledged that / had shown 
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his objection to be invalid, and that the Imw of Evolution it not traversed by 
the cases he instances. / retain this appendix, however, because the objection 
originally made by him may very likely be again made by others. 

there here followed two other ajrpendices, one dealing with a book On 
Mr. Sj>encer's Formula of involution, by Malcolm Guthrie , and the other 
dealing withal book by l*mf. It irks, Modem Physical Fatalism and the 
Doctrine of Evolution, including an examination of Mr. H. SpenceF* 
First Principles. As the criticisms contained m both works were based on 
misunderstandings and+misreftresentations , and' as they were not made 
authoritative by the positums of their writers, 1 tune thought it needless again 
to reproduce these appendices^] 
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DEALING WITH SOME CRITICISMS OF PROF. WARD 

It is half instructive half amusing to observe What trivia) difficulties, 
and even what imaginary difficulties, are urged by those who # scck 
reasons for rejecting doctrines they dislike. Such reasons for 
rejecting the doctrine of Evolution as set forth in this work are of 
course eagerly sought by one who, resenting the conception of a fixed 
quantity of existence, or of force, under Die forms of matter and 
motion, espouses the conception of Lotxe that, “ should the self* 
realization of the Idea require it,” “the working elements of the 
world" may be varied in number and intensity. t 

Prof. Ward tries to show that the doctrine of the instability of the 
homogeneous is invalid. Let me first state this doctrine,in my own 
words. 

‘ The condition of homogeneity u a condition of unstable equilibrium. * * * 

“ It follows that not only must the homogeneous hq** into the non-homogeneous, 
but that the more homogeneous must ten i ever to become less homogeneous [that is, 
more heterogeneous). * • • 

“ No demurrer to the conclusions drawn yin be based on the grieiud that perfect 
Homogeneity nowhere exists; since, whether that state wjth which we commence 
be or be not one of perfect homogeneity, the process must equally be towards a 
relative heterogeneity." (§149.) 

"One stable homogeneity only is hypothetically possible. If centres of force, 
absolutely uniform in their powers, were diffused with*absolute uniformity through 
unlimited sjace, they would remain in equilibrium. This, however, thoi Sgh a 
verbally intelligible supposition, is one that cannot be represented, tn thought'; 
since unlimited space is inconceivable. Bat all finite forms of the homogeneous— 
all forms of it which we can know or conceive, must inevitably lapse into 
heterogeneity." (| 155.) 

See now the comment of Prof. Ward on (hie view thus set forth 
and thus qualified. 

“ In truth, however, homogeneity is not necessarily instability. Quite otherwise. 
If the homogeneity be absolute,—that-of Lord Kelvin’s primordial medium, say,— 
then the stability will be absolute too. In other words, if * the indefinite, incoherent 
homogeneity,’ in which, according to Mr. Spenoer, some rearrangement mutt iftuli, 
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b* • aUU devoid of all qualitative dirandand without MOgnabl* bound*, thou, 
a* w« aaw in dincnaaina mechanical ideal*, any * rearrangement can molt only from 
external interference; itoaunot begin from withlh." * * * 

*'Tbna, the very &rat *tm> in Mr, Spencer** evolution aeoma to neceantst* a breach 
of «>iitinuity. Tnia fatal defect, ” eta (XtUuralirm and Agnosticism, i, 223.) 

In the first place, then, l^m contradicted by having urged against 
me a truth %hich I myself distinctly affirmed a generation ago. In 
the second place it is alleged that as t|)e law of the instability of the 
homogeneous does not extend to an infinite aggregate, which is 
neither knowabic noi* conceivable, it is invalid. In the third place 
this is said to constitutes “ breach of continuity,” and, by “this fatal 
defect,” my exposition of the doctwne as applying to all finite 
aggregates is vitiated. An analogy will best show the quality of this 
assertion. 

“ Here,” says a mathematical lecturer, directing his class to a 
diagram, “is a curve called a paralrola. It is an infinite curve, and 
some of its leading prd|>erties I will now explain to you." “ But 
where*is\he infinite |Mittil»ola ?” inquires a listener : “ I do not see it.” 
“ No, this |tarui>oia which I show you is not infinite, and no infinite 
parabola anywhere exists or has ever existed.” “How, then,” says 
the objector, “ can you begin to tell us alxmt the properties of an 
infinite parabola, if there is not, nor ever has been, nor can be 
imagined, any such thing?" And thereupon he characterizes the 
lecturer's propositions*as so many delusions. 

•Besides seeking to force on me the conception of a homogeneity 
“without arguable bounds”—that is, infinite in extent—notwith¬ 
standing my repudiation of it. Prof. Ward seeks to force on me the 
implication that this homogeneity is absolute, though I have nowhere 
said or implied as much. He sj»eaks of me as assuming a “pristine 
homogeneity,” and he says “ the projrosal to start with complete 
homogeneity leads us to ask, <Scc.” True, I have said “ the absolutely 
homogeneous Wtusl lose its equilibrium, and the relatively homogeneous 
must lajise into the relatively less homogeneous.” But by this statement 
I no more commit myself to the assertion that the absolutely homogene¬ 
ous exists, or has existed, thau the geometer commits himself to the 
assertion that there exists an infinite parabola when he points out the 
pxojxfrties which an infinite paral»ola possesses. So far from implying 
my*belief lit an initial state of homogeneity, I have, in one of the 
passages quoted alxtve, said that “no demurrer to the conclusions 
drawn can life based on the ground that perfect homogeneity nowhere 
exists, since whether that state with which we commence be or be 
not one of perfect homogeneity, the process must equally be towards 
a relative hetewfgeneitv.” And then, to guard myself more fully 
against the supposition that absolute homogeneity is assumed, I have 
put a note saying that “ the terms fieri; used must be understood in a 
relative sense.” But now observe that I am not allowed thus to 
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qualify the meanings of my words. On p. 427 Prof. Ward says that 
“ spite of this Mr. Spencer, ii\ an earlier foot-notfc, cots away the 
ground from under his own feet by bargaining that ‘the terms here 
used must be understood in a relative sense.’ ” So that I have thrust 
upon me an assumption which I have never*made, and I am not per¬ 
mitted to say that I do not make this assumption ! 

Says Prof. Ward on p. 221 of Vol. 1 \Ve now find ourselves con¬ 
fronted. as the complete theory Requires, by the whole unireryc in ' a 
diffused imperceptible state' ” (the tacit allegation being that a 
“ diffused imperceptible state ’’ implies homogeneity, which it docs 
not). The nearest approach to any justification for this description is 
in § 150 (in past editions), where, avonttHy as a speculation only, ! 
have sup|K>$ed the original existence, not of a universal nebulous 
matter, but of a nebulous matter extending to the limits of our Sidereal 
System, or somewhat Iievond, and have then proceeded to draw infer¬ 
ences concerning the process of concentration. But at the close of 
the argument I have remarked—“ We need not here, however, com¬ 
mit ourselves to such far-reaching speculations." So that tgain, 
though I have set aside this hypothetical argument as being concerned 
with a state of things beyond our knowledge, it is insisted that I shall 
include it. u You shall not begin with such forms of the proximately 
homogeneous as we know something about or may reason our way back 
to, but you shall begin with an infinite and absolute homogeneity" : 
the obvious thought being— f ‘ My objections will fail unless you do.” 

To what a pit<*h Prof. Ward's antagonism leads him may be 
judged from the following extract:— 

“ But so long as we look at things from a purely mechanical standpoint, as Mr, 
Spencer does, it is difficult to see what ground there is for asserting any increase of , 
complexity at all. Given a certain aggregate of maa:-point* regarded ae a conserva¬ 
tive system, and there will Ik a certain number of possible oonfigurations through 
which it can pass ; but on an&t groun is, 1 would *»*k, is on# to be called more 
homogeneous or mure heterogeneous than another t" (i, 

Apparently, then, it is not proper tq describe the yelk v of an egg as 
nSore homogeneous than the chicken which evolves from it! Must 
we say that there is no structural difference between the two r or, if a 
difference be admitted, is it that the words homogeneous and 
heterogeneous do not express one of its characters ? Or it is that (this 
common-sense distinction must l>e excluded from higher ranges of 
thought? Must we accept Prof Ward’s dictum respecting “the 
utterly unscientific and tuiphilosophical phrase * indefinite, incoherent 
homogeneity’” (p. 225)? 

, The above quoted passage strikes me as somewhat impolitic, since, 
in a measure, it serves as a test of his reasoning at large, and shows 
that in pursuance of his aims he is prepared to ignore the meanings 
of words or else reject the words altogether. 

Something must be said concerning one further matter. JThe 
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unwary reader, and even the critical reader fas a review article has 
shown me) if left ♦ith no guidance sava that or Prof. Ward, will think 
titat I have fallen, in one place at least, into an unquestionable incon¬ 
sistency of a serious kind. Prof. Ward writes:— 

"He iitufttrmta* the well-ktti&n, but for hie argument swnewhat anomalous, fact 
that in g’tierai ‘ simple eombtnattons can exist at a higher temt*r*tare than oomplex 
ones,' in other w»mi that ehemiofl utability linnsMS as chemical complexity 
increases, . . . Now as all fem<}er»V>« matter is >9 some ehemicsj state or other, 
ami as thf half «f «ur evolittiouary formula relates to re-distribution of matter, this 
fast—that chemically the^nore honj'*gen«*j«s matter is the more stohl*—surely cuts a 
t»<ii*tr»u* can tic out of the *.f Mr. 8|e*r.c*T's realm. ! say the best, for here, 
at any rate, the ttms horn >g«-neous and h"t«^“p‘neous are strictly applicable. The 
strange thing, however, is that when, in a subsequent volume of ais philosophy, 
Mr, .Sjamrer cornea to u»at i>f the evolution of •rganic life, this instability of the 
krttr incite -«»# lieounes the mainstay of his argument,” {i, } 

Were I at a loss for a conclusive reply, I might urge that since the 
law of evolution, as everywhere represented by me, is a law of the 
re-distribution of matter and motion within sensible aggregates, and 
not as a law of re-distribution v^thin their insensible molecules, it 
might suffice for its establishment were it proved applicable to the 
first without taking any note of the last. But I have no need to make 
any such qualification. There is a three-fold reply which disposes 
absolutely of his criticism. 

First, he has ignored entirely the distinction between simple and 
compound evolution, though he had l»efurc him a chapter setting forth 
this distinction. It is there explained that evolution is primarily an 
integration of matter ami dissipation of motion, and that under 
conditions which permit the process to go on rapidly, no other changes 
take place : the evolution is simple—as instance that of a crystal. It 
7s further explained that when, contrariwise, the matter is such, and 
the rate of integration is such, that there continues a partial mobility 
among the concentrating units, there arises that secondary re-distribu¬ 
tion which constitutes the change of the homogeneous into the hetero¬ 
geneous. I grafting this fundamental distinction. Prof. Ward has assume^ 
that chemical units are aggregates which can present this secondary 
rc-distribution ; whereas, as he knows, they are aggregates suddenly 
formed and, if consider'd as evolved, can exhibit only that simple 
evolution seen in the integration of matter and dissiiMtion of motion : 
the^edntras^ t>etween homogeneity and heterogeneity cannot arise. 

In the second place, he has confounded two utterly different 
meanings of the won! “ instability.*’ It is not alleged by me that a 
homogeneous aggregate is, in virtue of its homogeneity, more likely to 
be overthrown or destroyed by some external force than any other 
aggregate. My ^legation is Jhat its component parts cannot maintain 
their relations to one another—are unstable in the sense that they must 
undergo re-arrangement—must lapse ( into a heterogeneous arrange¬ 
ment Surely the multitudinous examples given' make this clear 
External forces, wfyen referred to, are contemplated as causes for 
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change of structure and not as causes of destruction* But the chemical 
stability which Prof. Ward names as characterising!* the more homo* 
gencous kinds of matter, and the chemical instability characterising the 
more heterogeneous kinds, refer to their respective liabilities to be de¬ 
composed or dissipated by incident forces exceeding certain amounts. 

And then, in the third plsce. Prof. Ward assumes that flong with 
the assertion that the homogeneous is unstable, 1 necessarily make the 
assertion that the heterogoneouS is stable, or at any rate restively 
stable. Nowhere have I said or imptied any suciwthing; but, contrari¬ 
wise, have perpetually asserted and illustrated the truth that instability 
characterises the heterogeneous jts well. Already in the sentences 
quoted above from § 149 this is clearly shown, and it is again twice 
over shown in § 1 (kS, where it is said “that the homogeneous must 
lapse into the heterogeneous, and that the heterogeneous must 
become more heterogeneous," and where it is said of a force that it 
“turns the uniform into the multiform and the multiform into the more 
multiform." Moreover at the opening of the chapter on “ Equilibra¬ 
tion," it is implied that the continuous lapse into greater heterogeneity 
can never cease until equilibrium is reached. I do not remember that 1 
have anywhere expressed an opinion respecting the relative instabilities 
of the two states. But very many of the cases given, and very many of 
the incidental remarks, especially in the chapter on “The Multipli¬ 
cation of Effects,” might be held to show that the original proclivity 
of the homogeneous towards the heterogeneous is equalled, if not 
exceeded, by the proclivity of the less heterogeneous towaSds the more 
heterogeneous. 

Thus Prof. Ward's triumphant criticism involves a triple mistake. 
Molecules of matter, if regarded as aggregates, are not aggregates 
capable of undergoing that compound evolution which is in question. 
The instability which the doctrine contemplates is not the external 
instability to which he refers, but an internal instability. And it is 
nowhere alleged, as he takes for granted, that the heterogeneous 
uSany more stable than the homogeneous: the simple fact t>eing that 
to formulate and interpret that progressing complexity which all 
orders of existences display, it is needful to set out with simplicity, 
since an account of ever-complicating structure which did not begin 
with the structureless would manifestly be inadequate; and the result 
is that<he structureless state comes into special prominence 

Those who wish further to examine Prof. Ward’s criticisms will find 
sundry others dealt with in an article in the Fortnightly Review for 
December 1899. Were I to notice all of them at length, half a 
volume would be required; for to expose* a mis-statement takes much 
more space than to make it So far as I have observed, he has 
throughout followed the course* which generally characterises con¬ 
troversy-—that of setting up men of straw and knockiitg them down. 
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THE GENESIS OF GASEOUS NEDULJK 

Ij» an article on “The Nebular Hypothesis,” published In The 
Westminster /»evirre for July, 1858, I concluded a somewhat daring 
suggestion respecting tfft* constitutions of tiie planets: arguing that 
the ryicfcus of each consists of gases reduced by pressure to the 
density of liquid. In |>art justification I cited experiments at that 
time recently made by M. Caignard de Latour, showing that such 
density had Iktii produced. Some years later the researches of Prof. 
Andrews established the truth that each gas has a temperature— 
“the critical point”—above which no amount of pressure can liquefy 
it, but In-low which liquefaction can be effected. In the republished 
version of thi| article, now contained in Volume I of my Essays (where 
this passage is transferred to the Addenda along with others of a 
speculative 1 have referred to the warrant afforded by his 

discovery, and have repeated my contention that a structure of the 
*kind supjMKcd, naturally arising in the course of concentration, would 
lw in stable equilibrium. I am told that more recently Prof. August 
Ritter, of .Aachen, has propounded a like view, and that two others 
have since done so : one being I/vrd Kelvin. 

This eoncejCion of planetary constitutions (and by implication the 
constitutions of celestial bodies at large) was specially dwelt upoA 
because it makes comprehensible that explosion of a planet between 
Mars and Jupiter suggested by Olliers as having originated the 
planetoids; and I have, in the last-named place, enumerated the 
evcr-Accumulating evidence that some such catastrophe once occurred: 
tlie’most recent piece of evidence being the discovery of Eros, 6ne of 
the 450 minor planets, which intrudes, as .%'thra does, upon the orbit 
of Mars. HVre I refer to this hypothesis because of its bearing on a 
conclusion set forth in §§ 182, 182a of this work, concerning the 
probable fate of star-clusters. It is there contended that when such 
clusters reach ah advanced * stage of concentration, and when, # in 
conformity with Sir John Herschcl's conclusion, collisions have 
happened amongtheir circulating menibers,and when, as a consequence 
not ^recognized t»y Jiim, there has been a production of gaseous or 
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nebulous matter spreading throughout the group (shown by Dr. 
Roberts to be in some esses discernible), an ultimate catastrophe of a 
tremendous kind is to be inferred. The occurrence of such a 
catastrophe is suggested by the following comments on the appearance 
of the great nebula in Orion, and of the •Sagittarius region in the 
Milky Way. They are extracted from Proctor’s Old r and New 
Astronomy. 

“Soma vast explosion seems V hate taken place in the region from t.'hinh all 
these structure* appear to spring.” (P. 734.) *• , 

“ The grouping of the great tree-like structures of the Orion Nebula teems to 
indicate that they hare had their origin in a tremenhoua explosion or anriee of 
exploaions in the* neighbourhood of tra|*rium which has sent forth enormous 
streams of gaseous matter into a resisting medium. If the stars of the trajHiium are 
fragments of the colliding masses, they show no motion which has as yet been 
detected. ” (P. 735.) 

“ The Sagittarius region of the Milky Way referred to above and shown in Plate 
27, contains stellar structures which seem to afford evidence of the projection of 
matter into a resisting medium. As the tm>-lik« f>»nn* in the groat Oriop Nebula 
and the forms of the structures in the Corona bear witness tu explosions on a cfb>va> 
scale that have taken place below their bright liases, causing a *tr<am of matter to 
be projected upwards, which stream has suWijuently been divided and its branches 
deflected from their original course by a resisting medium, an the tree-like forms 
shown iu figs. 452 and 453, as well as on Plat* 27, afford evidence of the projection 
of matter into a resisting medium extending through that region of the Milky Way.” 
(Pp. 737-8.) 

• 

Here, then, comes in the significance of the hyjx>ihesis rcsjiecting 
the constitutions of celestial bodies, referred to above The first 
collisions of stars, such as Sir John Herschel inferred must hapjwai 
in a concentrating cluster (jx*rhaps preceded by collisions among their 
attendant planets), would, whatever the natures of the colliding 
masses, generate great volumes of gaseous matter. This, by continu¬ 
ally impeding the stars’ motions of translation, would negative the 
establishment of a moving equilibrium among them, at the same time 
that it entailed a progressive approach to the common centre of 
gravity and increasing frequency of collisions. Of cours? if a celestial 
b&dy has the structure above suggested, then th*e contained matter, 
liquid in density but gaseous in form, would produce an explosion 
unimaginable in vastness and intensity: outer pud inner jiarts of the 
colliding stars being alike instantly transformed and projected with 
enormous velocity in all directions. While the component stars - crf‘ 
the cluster were relatively far apart, one of these explosions might 
not seriously shake its other members; but gradually, with increase 
of the nebulous medium in extent and density, increasing frequency 
. of the collisions, and increasing closeness of the circulating stars, the 
tremendous impact received from an explosion would probably destroy 
the structural equilibrium of the nearer ones and cause them also to 
explode. If now we conceive these stars to be from half a million 
to » million miles in diameter, each subjecting its gfscous contents, 
above “critical point’' in temperature, to tbs pressure caused, by 
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gravitation' of its enormous mam—if we conceive the explosion of 
.some two such to «be propagated by impact to adjacent members of 
the cluster, wq, may dimly imagine forces capable of producing a 
diffused nebula filling the interstellar spaces, and may understand why 
it should present the apgiegrance of gaseous matter projected through 
a resisting medium. 

Not a little hardihood seems implied by venturing the foregoing 
speculation. It is, however, to he regarded^ only as a speculation, pur¬ 
posely Acl uded from Chapter XX!!! and relegated to this Appendix, 
so that the generaf argument of that chapter, already speculative 
enough, might not br» rendered still more questionable. I have 
thought well to set it forth l»ecauJe the aspects of these diffused 
gaseous nebular almost necessitate some such interpretation. If, as 
is inferred by olwervers, inconceivably vast explosions are implied, 
there can hardly In* ignored the question—How came such explosions 
to be possible ? There must have existed centres containing the 
require^ quantities of matter and the requisite forces. There must 
have 4>cen such relations between^he forces and the matter as would 
explain the observed diffusion. And there must have been occasions 
for the liberation of these forces. If star-clusters are in course of 
concentration, and if stars have the internal constitutions described, 
then we have causes apparently sufficient to account for these 
tremendous catastrophes. Otherwise they seem inexplicable. 
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associations, 123-124. » 

Apt-+ diz A mote to Chapters XVII. and 
• XIX.), 4** -452 ; B (dealing with cer¬ 
tain criticism), 453-407 , C (criticism* 
ofl’rof. Ward), 468-472; I >; the geuesi* 
of gaseous qphti!#), 473-475. 

Aptotic form* of language, 258-259. 
prchiniedea, 384. 

Architecture: writing, jointing and 
sculpture ap]>enda£r»of, 281; Assyrian, 
Egyptian, 283.* 285; Greek, 283; 
Christian, 283-284, 235; action of 
earthquake, 294. 

Aristotle, 50. 


Army, evolution of an, 819-820. 

rftnold, Matthew: on the formula of 
evolution, 458-459 ; (rod and the Bible, 
459. 

Arihropoda : progressive differentiation, 

270 ; motion of, , 316. 

Artificer, the great, 25. 

Arts: rhythm of motion shown in music 
and dancing, 211 ; integration shown 
by industrial and esthetic, 261-262; 
progressive heterogeneity, 281-290; 
definiteness, 306 . 

Assyria: mural decorations, 281 ; their 
origin, 2'1 ; tainting, 2*5 ; architec¬ 
ture ai.d sculpture, 2S6; law* and 
habits unalterable, 301. 

Astron -my : van-us beliefs as to the sun 
ami planets, 76-77 : planetary motion 
proof that energy cannot l>e destroyed, 
147 ; transformation ami equivalence 
of f.-rees, 168-170; law* of motion, 
185, 199 ; rhythm of motion. 204- 
206 ; integration of sidereal and solar 
systems, 247-248 ; progressive ag¬ 
gregation, 263 ; progressive differentia- 
bon, 265 ; iaerrasra definiteness and 
evolution of solar system, 295 ; re-dis- 
trihutions of motion in evolving solar 
system, 312; instability of tile hon^v- 
geneous m illustrated, 329-332; the 
multiplication of effects, 352 358; 
segregation, 377 378 ; independent 
moving equilibrium of the solar system, 

395 ; equilibratii* and nebular hypoth¬ 
esis, 396 ; and planetary m->*emrnta, 
397 ; am! solar heat, 398-400 ; alleged 
improlabihty of nebular hv|>otheais, 

396 397; dissolution of the earth, 
422- 423 ; universal evolution and dis¬ 
solution, 423-431 ; the Herschels on 
stellar concentration. 4 25 ; star clusters 
and the irregular iiebulw, 426-427 ; 
the future of the visible uni verve, 

’ 428- 431 ; the votation of our aiderml 
system, 429; summary of law id 
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evolution, 486, 488-441 ; and dissolu¬ 
tion, 448; the genesis of gaseous 
nebulae, 478-478. • 

Atheism: universe is self-existent, 22- 
28; unthinkable, 28, 26; its funda¬ 
mental verity, 32-34 ; and laws of the 
knowabfe, 96. 

Attraction and repulsion, 1S2-184. 

Augustine, St, 50. 

Automatism, animal, Huxley gu. 17b- 
176. 

Averroee, 60. 

Babikkt, J., the nebular hypothesis. 3g7. 

Bacon, Francis, 60. 

Baer, K. B. von, formula of development, 
270, 449. 

Bain, Alex., Emotion* and Ou Will, re¬ 
ferred tO, XT. 

Barter, introduction of, 866. 

Beckett, Sir K. [Lord Grimthorpe], 
Origin of tht Lava of Natv.Tr, 456. 

Bees, sex of, 358. 

Beliefs : early, 4 ; among diverse, some¬ 
thing in o'uimon, 7,9-12; antagonism 
between religion and science, 8 ; 
on some ultimate fact, 9, 15-16 ; evolu¬ 
tion, 11-12; all contain some truth, 
33; evolution and theologieo-meto- 
physical, 95-96. Sec alev Religion. 

Biology: relativity of knowledge and 
nature of life, 60-64 , definition of 
life, 61-62; transformation and 

S divalence of forces, 168-170 ; plant 
e dependent on the sun, 168; 
animal life, 168-169; direction of 
motion in organic growths, 188-190 ; 
rhythm of motion, 208-210 ; a botan¬ 
ist’s explanation of growing plant 
anphilosophical, 219 ; integration and 
I disintegration, 226-228 ; motion and 
rearrangement of parts, 238-243; 
action of water ana heat* on plants 
and animals, 241-243 ; integration 
and interdependence of plants and 
animals, 249-254; progressive ag¬ 
gregation, 263; Vdvsnce in multi¬ 
formity accompanies advance in 
integration, 268-270; Von Baer’s 
formula, 270 ; evidence of palaeon¬ 
tology, 271-27 4 ; increasing definiteness 
of mammalian development, 297-298 ; 
progress from the indeterminate to the 
determinate in flora and fanna, 299- 
360; molecular and molar motion, 
310; redistribution of motion in the 
development of fiufctiona, 814-316; 
instability of the homogeneous, 835- 


889; the multiplication of effects, 

■ 868-868; hypothetical upheavals in 

East Indian Archipelago, 859-361; 
segregation, 880-382; equilibration, 
402-406 ; summary of law of evolution 
436, 438-441 ; the general law, 466. 
Bird, ideas suggested by an unknown, 
363-364. « 

Hires, Prof. T. it., Modem Phytieal 
Fatalism, 467. 

Blood, mental effects and lupply to 
brain. 174. * • 

Body, how, distinguishable from space, 
149, 182. 

Boethius, A. M. T. S., 60. 

Bones: integration illustrated, 250; 
heterogeneity, 275 ; increased definite¬ 
ness, 298 ; segregation, 880-382. 
Boscovich, R. J. : theory of matter, 39, 
40. 44. . 

liotaur. Sec Biology. , 

Brain : mental effect* of supply ol blood, 

* 174; integration of gnvwth, *250, 

Brewster, Sir David, on the nebular by- 
j*-thesis, 397, 

Bronte implements, industrial effects of, 
366. 

Bruno, Giordano, 50. 

Bunsen, C. 0. i. von, 280. 

Burney, Dr. C., origin of music, 287, 
258. • 

Caiqmard »x La Torn, ^Uron Charles, 
473. 

Gamtianella, T., 50. , 

Candle : burning, explanation by chemist, 
u a philosophical, 219 ; varied effects of 
ligtitii*-,’, 2»50. 

Canes f'^n/Uin, nebula in, 331. 
Caoutchouc, iaultipli.*^offecU of uss of, 

« 368. 

Capacity and desire commonly associated, 
365. 

Carpenter, Dr. W. B. : on incubation, 
169; Principle* of Comparative I’hywt 
o/otfy, quoted, 252, 

Castration, effects of, 369. ( 

Catholicism, 85. 

Causa. See First cause. 

Cause and effect, jvjpular etrrora, 137. 

Cells, differentiations shown by numbm 
of, 837. r 

Centipedes, motions of, 81A 
Chanielier and continuity of motion, 
142-148. 

Change: absolute cause inconceivable, 
182; law of motion, 197-199; uni¬ 
versality of, 2^-228, 461. 
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Chemistry: idion m aumn of nutter, * 
180; transformation into other modes 
of fores, 183-188 j influence of best 
on changes, 284; •molecular motion end 
reerrsngement of ports, 235-238 ; in* 
crossing definiteness of, 30^; insts* 
bility of the homogeneous illustrated, 
327 ; chenffcal differentistions due to 
decreeeing terreetrisl best, 833-384 ; 
segregation in analysis end crystallisa¬ 
tion, 3*5-378 ; dissolution, 418. 

Ckineee : language incoherent, 258 ; con¬ 
ventions, 301. a 

Christian art, primarily religious, 288. 

Church music, 268-289. 

Cilia, motions of, 318. 

Classifies tory sciences, evolution of the, 
259-280, 883. 

Cleavage cavity, formation of, 337. 

Cognitions, our, not ab*olut*,^>l-83. 

Coherences See Integration. 

Cold aveetsdissolutiou of organic matter, 
410. 

Coleridge, 8. T., desynonym ization, 341. 

Colloid state of matter, 236. 

Colonies, animal, 253. 

Colours and persistence of force, 389. 

Commerce: and directiqp of motion, 
195-198 ; and rhythm <>f motion, 213 ; 
integration in England, 255 ; the in¬ 
stability of titt homogeneous, 342-344 ; 
the multiplication of effects, 365-366 ; 
eegragation. «385 ; equilibration, 409- 
411 . dissolution, 417 ; Clide Leslie on 

, emalgametiun, 462- 463 

Comprehension, and the inexplicable, 
62-54.- 

Comte, A. : his Positive Philosophy, 101 ; 
on the nebular hr}>othe»is, 397. 

Concentration, fee Integration. 

-Conception : real and symbolic, 18-21 ;S 
the indefinite precedes the definite. 244. 

Conclusion and summary of thia work, 
432-448. 

Consciousness ; knowledge cannot mono¬ 
polies, 12; duration, 45-46 ; substance, 

46- 8 ; Manse 1 and Sir W. Hamilton, 

47- 48, 65-68, 64-68 ; definite end in¬ 
definite forme, 85, 10 ; belief in the 
actuality behitid appearances, 89-70; a 
definite tbouj^it formed by the coalesc¬ 
ed oe of a series, 71 ; must be assumed 
trustworthy, 110 ; experience* of force 
underlie, 129 ; oo«suts of changes, 132. 
See also Psychology. 

Conservation of tone, objection to term, 
149. e 

Conservatism : fanction theological. 


88-89; aad reform, oodfliot between, 
412. 

Cofftinnlty of motion, 140-148, 217. 

Continuous re-distribution of matter aad 
motion, law of, 220. 

Contradictories and correlatives, Hamilton 
on, 66. 

Cktrre la tires aad contradictories, Hamilton 
on, 86. 

Geaaaon See Universe. 

Cousin, V., Hamilton on, 68. 

Cray• fish,«integration in, 252. 

Creation, atheistic, theietic, aad pan¬ 
theistic hypotheses unthinkable, 22- 
26. 

Criticisms, replies to, 98-98, (Appendix 
B and C), 453-472. 

Croll, Dr. J., On. the Transformation of 
Gravity {Phil. Mag., Oct 1876), 
quoted, 148. 

Crystalloid state of matter, 238. 

Crystals: simple evolution, 237 ; segrega¬ 
tion in crystallization, 375-376 ; mid 
dissolution, 420. 

Cuvier, Baron C. P. D., 274. 

Daxcixo : rhythm of motion, 211 ; 
coordinate origin with music and 
poetry, 2S6 ; progressive heterogeneity 
among Hebrews, Greeks, Romans, etc., 
286-289. 

Darwin, Charles Robert : Origin ef 
Species, date of publication, vii-riii, 
362 ; plants and insects, 253 ; natural 
selection, 362 ; on divergence of char¬ 
acter, 383. 

Death: are we not progressing towards 
omnipresent 1, 413 ; the final equilibra¬ 
tion preceding dissolution, 418 ; does 
evolution as a whole advance towards 
complete quiescence t. 423-425,431. • 

Decomposition : an increase of hetero¬ 
geneity, %92 ; process of, 418-419 ; 
arrested by cold, 419; assisted by 
heat, 419. 

Deduction verified by; induction, 246. 

Definiteness, increase is: exemplified 
from astronomy, 295 ; geology, 296; 
meteorology, 297 ; embryology, 297- 
298; species of fauna ana flora, 299- 
300; sociology, 301-302; language, 
303; mathematics, 304; chemistry, 
etc., 305; the arts, 306 ; literature, 
306; a secondary phenomenon «of 
evolution, 307. 

Definition : by a .process of exclusions, 
94 ; difficulty of, 107. 

Descartes, R., animal autorilatism, 176. 

SI 
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Dartre, Mid tins of l«Mt rabtHM, 198, 
887. 

Dt^mndWisa, 841. 

Diamond, tact of, 189. 

Differentiation, pwgt wii TO, MS-290. 
Dinetko, the, of motion, 189-199. 
Disease : rhythm in, 209 : dissolution, 
292-294 ; illustrates multiplication of 
effect*, 857-SS8. 


Disintegration of matter: Mid integration, 
228-828 ; is dissolution, 418. 

Dimolataan: Mid evolution, 229-229; 
th« absorption of motion sad dis¬ 
integration of matter, 228-229 ; arth 
evolution the history of every eensible 
existence, 244 ; morbid growths, 292- 
294 ; are we progressing towards omni¬ 
present death t, 419; qualifies evoln 
tion, 419-416; illustrated by sociology 
419-418 ; biology, 418-420 ; chemistry 
420; geology, 421-422; astronomy 
422—423; doss evolution ss s wholi 
tend towards complete quiescence t, 
428-424, 481 ; sidereal evolution and 
dissolution, 424-4S0; and evolution 
generally, 480-481,486- 488, 442, 444 ; 
final complement of evolution, 442. 

Divine right, 5. 

Divisible and indivisible, 67. 

Division of labour: evolution of, 278- 
279; instability of the homogeneous 
illustrated by, 848 ; and multiplica¬ 
tion of effects, 869-368 ; motion along 
line of least resistance, 387. 

Drama, progressive heterogeneity, 290. 

Drees, progressive heterogeneity, 290,462. 

Dulong, P. L., 198. 


EJlkth, the: conception symbolic, 18- 
19; motion, 41; vegetal and animal life 
< derived from the son, 168-169; in¬ 
tegration of crust of, 248-249; bio¬ 
logical history of, 271-275; thermal 
tqnivalent ol movement, 422; final 
dissolution, 428. See aim Geology. 
Earthquakes: illustrate laws of motion, 
187; and rhythm, 208; geologist’s 
explanation nnphilosophieal, 219; 
affect on architecture, 294. 

Bast Indian Archipelago, hypothetical 
upheavals, 859-861. 

Economics: and direction of motion, 
199-196 ; and rhythm of motion, 218: 
integration in England, 255; ana 
differentiation, 278-279; the insta¬ 
bility of the homogeneous, {42-8(4 ; 
the multiplication or effects, 865-868; 
segregation, 889; equilibration, 409- 


411; dissolution, 417; Leslie as 

* amalgamation, 482-468. 

Effects, multiplication of, 849-870, 440- 
441. 

Xqo and eum ege, 120-121. 

Egypt: €( mui»l deourations, 291; their 
origin, 281; picture-writing, 282: 
architecture and sculpture, 288 ; and 
painting, 285 ; dancing, 286 ; social 
divisions and customs, 301. 

Electricity: transformation ftito other 
modes of force, 161, 168, rhythm ef, 
202; and integration, 260 ; segregative 
action of, 872-878. 

Embryology: connection between physi¬ 
cal and vital forces, 169 ; and progres¬ 
sive integration, 250; pro gr es si va 
differentia tion, 268-269 ; definiteness 
of mammalian development, 297-298; 
instability of the homogeneous, 335- 
896 ; multiplication of effect*, 858; 
determination of sex, 358 ; Ki'-k man's 
criticism, 457. 

Emigration and dissolution, 417. 

Emotions. See Psychology. 

Energy : term force used instead of, 148 ; 
actual and potential, 148-149; and 
persistence of force, 152 ; resolutions 
accompanying the redistributions 
of matter and motion, 828-324 ; in 
sidereal system, 480. 

Energy, conservation of. See Persist’ nos 
of force. 

Engine. See Mechanics. 

England : bounds to governmental ac¬ 
tion, 6; rhythm in politics, 214; 
economic integration, 255 ; sociological 
devel mnent, 302. 

English language: integration of. 257 ; 
sub-division of f* ciiona, 280; da- 

. synonytuization, 841. 

English philosophy. German criticism, 

101 . 

Equilibration : universal tendency, 891- 
394 ; fotir different orders, 394-896; 
shown by astronomy, 899-40o; ge¬ 
ology, 400-402 ; biology, 402 ; way- 
chology, 409-408 ; sociology, 40^-412 , 
are we progressing towards omnipresent 
death f, 418, 428 ; ani persistence of 
fbroe, 414; death the final, 418; of 
sidereal system, 424 ; summary, 441. 

Eqailibrinm, unstable, 826-827. 

Equilibrium mobiU, 898. 

Equivalence of forces, the transformation 
and, 159-181. 

Eros, minor planet, disooveiy of, 473. 

Error, definition of, 98. 
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AMP*, nferfcd to, vii, 386, 474. 

Esae-ncee, old theories about, 443. 

Ether : hypothetical constitution of, 44 ; 
•volution of feclipg in, 177 ; Herschel 
on rotation of ethereal medium, 398 ; 

It it boundless 1, 431. 

Ethnology: kdrtnn from the Homogene¬ 
ous to tb* htteroMRooui, 274-275; 
multiplication of effect*. 362-363 ; seg¬ 
regative effect* of environment, 385- 
336. • 

Epclid, 304, 341. 

Budarina, 336. 

Europe: ruler* end ruled lb medheval, 

6 ; integration of nations in, 254 ; 
advance from homogeneous to hetero¬ 
geneous in man, 274-275 ; all early 
Christian art religions, 233-234. 

Evolution: theory presented here and 
by Darwin, vii-viu ; and dissolution, 
222-22j , passage from th# impercep¬ 
tibly to the perceptible and from the 
perceptible to the tmj>erccptible, 222-• 
224 ; inconceivable by philosophy, » 
224-225 ; formula must comprehend ; 
concentration and dispersion, 226 ; i 
integration and disintegration, 226- 
223 ; and dissolution, 223 ; the in teg 
ration of matter and* dissipation of 
motion, 223-229, ’ 244 : term involu¬ 
tion wrrferaUe, 229 ; simple and com- 
pound, 236-245, 264 ; quantity of 
contained motion, 231 ; molecular 
motion ana rearrangement of |*arta 
in inorganic aggregates, 233-233 ; in 
organic, 233-243 ; with dissolution 
the history of every sensible existence, 
244 ; deduction verified by induction, 
246 ; astronomic integration, 247 ; 
geologic, 248 -2.’9 ; organic, 249-253 ; 
super-organic, 254-256 ; philulogic v 
256-259; progressive aggregation, 263 ; 
progressive differentiation, 265-290 ; 
relative nature of terms of its defini¬ 
tion, 265, 449-450 ; Huxley's address, 
274* change from incoherent homo- 
gennty to coherent heterogeneity ao- 
con^anyin^f dissipation of motion and 
integration of matter, 291; from the 
indefinite to«the definite, a secondary 
phenomenon, 307 ; formula 307; re¬ 
distribution ^>f retained motion, SOS- 
321 ; final definition (and qualifying 
note), 321, 848, 449-450; interpreta¬ 
tion of, 322-32$ ; persistence of force 
underlies phenomena of, 823,845, 439- 
442; resolutions,of force or energy 
which accompany th^ re-distributions 


of matter and motion, 324 ; 

. bility M the homogeneous, 347 ; pro¬ 
gress farthered by multiplication of 
effects, 351; deducible from p e rsisten ce 
of foroe, 370; pr o ce s s of segregation, 
373-990 ; equilibration, 391-414 ; 000 - 
sidemf umvereally with dissolution, 
423-481 ; does it advance towarda 
complete quiescence t, 423-424 ; alter- 
Bflff"* of dissolution and, 423-480, 
' 435-488 ; summary and conclusion, 
432-446; universal law, 433; ana 
philosophy, 439-442 ; dissolution, the 
complement of, 442 ; restatement of 
doctrine, 445-446 ; g e r m in Social 
Static *, 449 ; formula criticised fay 
Tail, 453-458; by Kirkman, 456 - 
458; Iforth American Review, 468- 
469; M. Arnold, 453-459; Clifb 
Leslie, 460-466; process depends on 
conditions, 464, 466 ; orittciams of 
l*rof. Ward, 468-472. 

Existence, cognition of, 46-43. 
Explanation brings us to the inexplicable, 
51-54. 

Eye, development of the, 340. 


PauapaT, M. ( 163. 

Fashion : oscillations in, 214 ; progressiva 
heterogeneity of drees, 290, 462. 

Fauna. See Biology. 

Fichte, J. G., ridicule of English ph.il 
oeophy, 101. 

Fijian loyalty, 4. 

Fina arta: rhythm of motion shown in 
music and dancing, 211 ; integration, 
261-262; progressive heterogeneity, 
231-290 ; increase in definiteness, 306. 

Finite, first cause not, 27-23. 

First cause: infinite and absolute, 27-32 , 
Mansel’e Limit! of litligimu Thought, 
quoted, 29-32, 56-57, 64-68, 80; uS 
knowahly 80-34, 443. 

First Principles 1 changes, v, vii-viii; 
relation to Darwin’s Origin of Species, 
viii; prospectus, xi; reply to criti¬ 
cisms, 93-96, 453-%72 ; chapter recast, 
148. 

Fistic*, aud warmth of water, 242. 

Flint instruments, crude, 306. 

Flora. See Biology. 

Food: supply and correlation of social 
with physical forces, 179 ; influence 
on determination of sex, 353 ; eqwli- 
bratiou of waste and repair, 403-40*. 

Forbes, Edward, on the naturalist of the 
old school, 363.* 

Force; oonnexion with, matter, 43 ; 


t 
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hypotheses of Newton wad Boooovich, - 
44 ; incomprehensibility, 44, 49 ; the 
ultimate or ultimatea, 132 ; ana the 
indestructibility of matter, 139 ; physi- 
cists sod consetoosoen of, 147 ; per 
sistenre, 148-154, 217 ; energy, 140; 
intrinsic sod extrinsic, 140; persist* 
cnee of relation among various forms 
of, 140-148; transformation sod 
equivalence, 159-1 Si ; rreoluriycaer,- 
eompenying the re-distributions of 
matter sod morion, 323-324 ; hetero¬ 
geneous effect of action on homogeneous 
mess, 344 ; end the multiplied effects, 
349-341 ; Tait’tdefinition of, 454-444. 

Force, persistence of. Set Persistence. 

Forces -. the persistence of relations 1 
among, 158-158; of attraction and ; 
repulsion, only symbols, 1S3. j 

Forces, the transformation and equiva¬ 
lence of: in electricity, magnetism, 
light, heat, chemical affinity, 149-163 ; 
shown inastronomy, 163-164 ; geology, 
166-167; biology, 168-170; taychol- 
oey and physiology, 170-17 * ; eoci- 
oiogy, 178-180 ; corollary from persist¬ 
ence of force, 180-181. 

Fortnightly Review (Dec. 1899) reply to 
criticisms, 472. 

Frankland, Sir Edward, 240. 

Galileo Galilei : 141; and the swinging 
chandelier, 142. 

Gas, temperature, 473. So* alto Chem¬ 
istry. 

Gaseous form of matter, 235. 

Gaseous uebulse, genesis of, 473-475. 

Genesis of gaseous nebula (Apjcndix D), 
473-475. 

Geology: the transformation and eqniv- 

, alence of forces, 166-167; laws of 
morion, 187, 199 ; rhythm of motion, 
208 ; terrestrial integration, 248-249 ; 
progressive differentiation, 266-268; 
and biological history of earth, 271- 
275 ; evidence oi f paleontology, 271- 
274;, Hurley’s pre-geologic era, 273; 
increased definiteness shown in terres¬ 
trial structure, 296-297 ; influence of 
molar and molecular morions, 809 ; 
redistribution of motion following 
evolution, 313; effects of the insta¬ 
bility of the homogeneous, 327, 832- 
384 ; multiplied effects from cooling of 
the earth, 854-355 ; from solar beat 
and aqueous and atmospheric action, 
855-857; hypothetical upheavals of 
Vast Indian Archipelago, 859-361; 


aqueous and igneous segregative notion. 

*8/8-380; chants result from ooaraleal 
equilibration, 400-402; dissolution 
illustrated, 421-442; terrestrial dis¬ 
integration, 422-423; summary of law 
of evolution, 436. 438-441. 

German school of philosophy, 101. 

Geraon, J., 50. " 

Ghost theory, primitive, S3. 

Glass, molecular action in annealing, 288, 

Olyptodon, the, 382. 

God. the unknowable, 34. 

Gold, test of, 139. 

Government : development of opinions, 
4-8; tendency towards European in¬ 
tegration, 254 ; titles and rulers, 276- 
277 ; evolution marked by differentia¬ 
tion. 277 ; mural paintings, govern¬ 
mental appliances, 281 ; architecture, 
283 ; pointing and sculpture, 284; 
pfjctrv, music and dancing.-287 ; die- 
solution, 292-294, 416-417 ; fccreat¬ 
ing integration, heterogeneity and 
definiteness, 319 320 ; the instability 
of the homogeneous, 343 ; the multi¬ 
plication of effects, 367 ; equilibration, 
411-412; dissolution, 416-417; Cliffs 
Leslie on evolution of, 461. 

Grass*. G., 358. 

Gravity : incomprehensible, 44, 77 ; con¬ 
tinuity of motion illustrated by, 145: 
terrestrial effects of, 167 ; action* on 
grviwth end vascular system. 189-190. 

Greeks: mythology, 85 ; philosophy, 
99-100; theory of motion, 141;. 
architecture and sculpture, 283 ; music, 
danriug and ;ioetry, 286-286. 

Grimthi r|>e. Lord. Set Beckett, Sir K. 

Grove, Sir W. H.: on force, 169 ; on 
incubation, 169 ; ?\W Correlation of 
Physical Forres, 163, 

Growth : direction of motion illustrated, 
188-189 ; also rhythm of motion, 206- 
209; integration, 226; molecular and 
molar motions, 310, 314; es^-esaive 
]«riphcrai, 838. 

Guthrie, M., Mr. Spencer? t Formula- of 
Evolution, 467. *' 

Hamilton, Sir W. : orf conscious neee, 
48; reality behind fll appearances 
unknowable, 50; Philoeophy of the 
Unconditioned, quoted, 54-57, 64-68 ; 
orf' V. Cousin, 66; eonaciotien— to bs 
presumed trustworthy, 110. 

Hert, 858. 

Hervey, Wm., 2?0.« 

Haviland, 856. t 
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spiral form. 189; mental 
latuuiCM, 192. » 

H*»t: animal* sod the •mount of 
mo!*eularehange,*103 > transformation 
into other mode* at force, 180-103; 
Joule'* mechanical eqqijalswt, 163; 
effect* of solar, 185-160 ; terrestrial 
effect* of tJi# ran, 107, 179-llip; 
vegetal end animal life, 168-109; 
sociological effect*. 179-1*0; undula¬ 
tions, 202 ; intrgr*tion*nd disintegra¬ 
tion, 220-228 ; chemical changes, 235- 
23fl; simple and compound evolution 
illustrator], 241-243 ; instability of the 
homogeneous, 327 ; effect* of the cool¬ 
ing of the earth, 332 -334 ; action on 
inorganic and organic matter, 333-834 ; 
action on sphere, 3l5 ; varied effects of 
combustion, 350 351 : from the sun, 
355-356 ; »egr* galive terrestaal action. 
879; equilibration shown in s->l*r, 
398 *30; assists dissolution, 419-420. 

Hebrew*: language, 269. 281; literary 
development, 290 ; their p*«ctry, music, 
and dancing, 286. 

Hegel. 0. W. F., ridicule of English 
philosophy, 1 e*l. 

Helmholtz. i*ruf. 11. L. F. iron : on force, 
159; diffusion »f vdar heat, 399, 426 ; 
on the interaction <>f natural force* 
{PMl. 3f(ig., # 4th. Ser., it.. supp.), 
qSoted. 399, 422 ; effect of tidal Wave, 

400 ; tliermab equivalent of motion of 
earth, 422-423. 

Heredity and the ui* lability of the homo¬ 
geneous, 339. 

Ilerech*-!, Sir John F. W. : solar origin 
of steam force, ISO ; on the •nebular 
hypoth. is, 332, 429. 473, 474 ; on 
rotation of ethereal medium, 39S ; sun'* 
rays ultimate source of nation on earth, * 

401 ; ihUlinta of AUromnny, quoted, 
426 ; on stellar concentration, 425 ; on 
irregular nebula*, 426; on potation of 
aidergal sy*t«m, 429. 

Ilerachet, Sir William, on stellar concen¬ 
tration, 425. a 

Heterogeneity of matter, progressive, 

265-291. 

Heterogeneity of motion. See Motion 

Hieroglyphics, development of, 282. 

Hinton, Jamea, article in Mai. Chirwr. 
Review, Oct. 1858, quoted, 188-189, 

History, complete, denned, 222-224. 

Homer: 872 ; on words, 459. 

Homogeneous, instability of the, 325- 
848. Sot also Instability. 

Hook* B., experiment* oh motion, 141. 


Home, ancestor of, 274. 

Hhmanity. See Sociology, 
llume, David, 147. 

Humboldt, F. B. A. von: alligators 
revived by water, 241 ; foretelling of 
rain, 260; on stellar distribution, 428. 
Huxley, Prof. T. H.: the expr ewrion 
persistence of force, 149 ; Leetv.ro em 
Animal Automatism, 175 ; Lecture om 
WrjtSUnt Types, 272; Address am 
Palaeontology and the Doctrine of 
Evolution, 274; on segregation, 882 $ 
on the Qlyptodon, 382 

InxAXtsx and verbal fictions, 124-125. 
.Ideas: ultimate religions, 18-34; ulti¬ 
mate scientific, 35-49; manifestations 
of the unknowable, 112 ; necessity of 
preliminary, 244. 

Incubation, connexion between physical 
and Tital forces during, 109. 

, Indestructibility of matter, 134-139, 
217 ; negation inconceivable, 135. 
India: unchangeable institutions, SOI ; 
segregative effect of physical condi¬ 
tions, SS5. 

Induction, deduction verified by, 246. 
Industries: and direction of motion, 
190; differentiation, 278-279; the in¬ 
stability of the homogeneous, 343-344 ; 
growth of organization, 305-308; 
segregation, 3*5; equilibration, 409- 
411 ; dissolution, 417 ; Cliff* Leslie on 
amalgamation, 462-463. 

Infinite, the: Mans*! quoted, 29-32, 
50-57, 04-68, 80; Hamilton quoted, 
54-55, 04-08. 

Inorganic world, out knowledge chiefly 
inferential, 224. 

Inserts, transformation of force* and 
metamorphose* of, 170. • 

Instability of the homogeneous: 820-343; 
exemplified in mechanics, 326 ; chem¬ 
istry, 327, 333 ; geology, 323, 333 ; 
astronomy, 329-331; meteorology, 335; 
organic life, 335-338; psychology, 340- 
341 ; philology, 341 ; sociology*, 343- 
344 ; a corollary from the persistence 
of force, 345 ; and segregation, 373 ; 
summary, 440-441 - K possible mis¬ 
apprehension of the expression, 450- 
451 ; Ward on the doctrine, 468. 
lutegmtion : astronomic, 247 ; geologic, 
248-249; organic, 249-253; supA- 
organic, 254-256 ; philologie, 256- 
259; scientific,* 259-261; artistic, 
261-262; literary, 282; Cliffs Leslie 
on amalgamation, 462-468, 
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Intention ud disinteretion of m»U»,‘ Lengbtar : physiology of, 1W; utblt in 
824-228. , MaemiUan't ihk/. (Much 1840k 198. 

Integration of motion. Sm Motion. Low : uniformity of, 168 ; universality of, 

Intelligence: end relative character of 270. 

knowledge, 54-80; defined, 01-83. Low: development of legislation, 802; 
Interpretation: 58 ; of evaiutUb, 322 [ ond tlf. ' *»<*ule of evolution, 485-468. 

385. I<aw of evolution, 246-321 w 

Inx r rU b nxia, integration in, 350-251. L«tv«*, segregation in fallen, 870-871. 

Involution, term preferable to evolution, leibnit*, G. W. v»n, theory of metier, 38. 

239. *-" ! Leo Hebrwua, 60. 

Iron, moleculer re-arrangement in, 233. i Leeiie, T. K. GL'iiffa, an the formula of 

] evolntion, 480 466 , his rare eendour, 


3at xv, dissolving effect of European ! 
civilisation, 417. ! 

Joule, J. P., mechenioel equivalent of < 
heat, 159, 163, 422, 428. 

Joy, rhythm in, 212. ! 

Jupiter, planet, 423. ; 

: 

Kxkt, 1mm. : 60; doctrine ae to epace > 
and time unthinkable, 38-37. ■ 

Kelvin, Ivird: hypothesis of vortex* 
atoms, 40; Clerk Maxwell on, 41; j 
retardation of comets and planets, 248; > 
Trtatis* on Natural PkilMophf, 454 ; * 
primordial medium, 488; on the j 
nebular bvpotheeis, 473. | 

Kepler, J., ?7, 304, 322. | 

Keroer, Ant., 336. j 

Kings, primitive, regarded as super¬ 
human, 4. : 

Kirk man, T. P. : Pkilotoph y without j 
Assumptions, 455 ; on the formula of j 
evolution, 455-458. j 

Knowable, the, 97-446 ; relation to the 
nnknowable, 443. 

Knowing, fact of, 53. 

Knowledge: transcended by thought, 12 ; 
science development of common, IS ; 
limitations, 48-49 ; relativity, 50-72, , 
60, 69, 72; oar cognitions not absolute, J 
51-68 ; product of thoughj, 51-54 ; its 
process, 54-60; relative character as * 
deduced from nature of intelligence, 
54-60, 98; of things in themselves ' 
impossible, 64 ;» progress dual, 79 ; » 
thm elements of, 93 ; alleged assump¬ 
tion of term nnknowable, 93 ; of the 
lowest kind is ununified, 104; defini- j 
tion of complete, 224-225, 444 ; ] 

unification of developing, 448. 

Luovx, division of. 8m Division. 

Language, increase in definiteness, 808. 
Sm auo Philology. 

Laplace, Marquis P. C. da, on nebulous < 
ring en v elopment, 882, 878. 

Latham, Dr. R. G., quoted, 268. 1 


466. 

l^ptJ-mren, revived by water, 241. 

Lilwrty, growth of, 4-6. 

Life; ana relativity of knowledge, 60- 
64 ; the continuous adjustment of m* 
terns] to external relations, 61, S3 , 
and rhythm of motion, 208-210. Sm 
a l*o Biology. 

Light: transformation into ofner modes 
offeree, 180 162 ; and heat consist of 
undulations, 202; and rhythm of 
motion, 202-203 , and sound confi rm 
to !:ke laws, 260 ; segregation of ray* 
of, 376-377. 

Limited, the, and unlimited, 66-67. 

Liquid form of matter, 234. 

Literature : progrefieive integration, 262 ; 
increasing differentiation, 290; and 
truth of representation, 306. 

Liver, development, 298. 

Loire, R. H., 468. 

Loyalty, evolution of, 4-6, 411. 

MacnrXMY, progressive integration of, 
261. 

Madler.'J. H , rotation of sidereal system, 
429. 

Magellanic clouds, 428. 

Magnetism: transformation into other 
modes of fores, 160-163 ; direction of 
motion, 185; rhythm of terrestrial 
magnetir variations, 206 ; and integra¬ 
tion, 260 ; segregative action *t, 872- 
373. 

Maine, Sir H. S., quoted by Cliffe,Ldslie, 
466. 

Majorities: usually wrqng, 4 ; but not 
entirely, 4. 

Mallet, earthquakes,< 208. 

Mammals, increasing definiteness of 
dfvelopment, 297-298. 

Mammoths, frozen, 419. 

Man. Sm Biology, Ethnology, and 
Sociology. 

Manifestations, vivid and faint, 112-120. 

Manners: evolution marked by 'differ- 
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MlUtwm, 277 ; Manners and Fathum, fnJ/adia>- ChirurpicaJ Review, referred to, 
naiad. 277- >xiii. 

Mow*], I)«ui H. L.: Limits o/lUlujiout Me&ncthon, P., 50. 

Thought, quoted; 20-32, 50-57, 04- Mental p roww. See Psychology. 

08, 80 ; oonsciatunsas of self, 47-48. Metaphysics : theologico - metaphysical 
MarrJumtia, 338. belieto„ 90; phanomenoa and appear- 

Marriagee, anuilibration aitd, 409. anew, 122-126. 

ifanrwpui/Ki, integration in, 252. Mtianoa, 337. 

Martinc*u, Dr. J., Nature and God (Fat. Meteorology : law* of motion illustrated. 
Rev., (Jpt. 1800), quoted, 82-83. rhythm of motion, 200-207 ; 

Materialistic, evolution qpt, 446. effects of heat, 227 ; forecasts, 260 ; 

Mathematics : mental development and effects of superficial terrestrial irregn- 

nutnbera, 136 ; increase in^lefiniteneas, larity, 287 ; increasing definiteness of 

304. conditions, 297 ; influence of molar 

Matter; divisibility, 38; solidity, 38- and molecular motions, 311 ; redistri- 

39 ; conception of Newum. 39, 40 ; of button of motion caused by terrestrial 

Boacovich, 39, 40 ; of Leibnitz, 39 ; evolution, 813 ; instability of the 

Kelvin and vortex atoms, 40 ; ultimate homogeneous, 834; multiplied effects 

nature incomprehensible, 40 ; eon- of solar heat, 355-356; climate and 

nexion with f iroe, 43 ; conception of, segregation, 385 ; and equilibration, 

129-139 ; relativity of our cognition, 4 f <2. 

130* indestructibility, 134-139, 217, % Mexicans, picture writing, 282. 

433 ; creation and annihilation incon- Microscope, exactness of, 306. 
osirahle, 135-138 ; perceptions of per- Milne-Edwards, 11., 250. 
manenca, 138-139 ; law of continuous Milky Way ; stellar distribution in the, 
ra-distribution, 220 ; integration and 329; segregation, 377 ; concentration 

disintegration, 226 -228 ; evolution the of star clusters in the, 425 ; and ritua- 

integration, etc., 228-^29, 244 ; dis- tion of irregular nebube, 426 ; and the 

solution the disintegration, etc., 228- form of the sidereal universe, 429; 

229 ; molecular motion and rearrange- changes in, 429-430 ; Sagittarius 

meat of perft in inorganic aggregates, regiou, 474. 

533 -238 ; in organic, 238-243 ; liquid f Mill, J. S., on the stationary state, 411. 
form, 234 ; gaseous form, 235 ; chrva- Mind. See psychology, 
tall old and colloid solid states, 236 ; Monotheism, S3, 34. 
progressive differentiation illustrated Mimatremata, integration is, 252. 

4y astronomy. 265-266 ; by geology. Moral : philosophy, 102; equilibration 
266-267 ; meteorology, 267 ; organic shown in adaptation, 402. 

life, 268-273 ; i>aliconiology,«2?3 ; in- Morbid growths, 292-294. 
stability of the nomogrurou*, 326-339 ; Motion : absolute, unthinkable, 41-42 ; 
effects of force' and heat, 345 ; multi- relativity, 41 ; transfer, 42 ; change 

plied effects, 349-35^; dissolution* to rest, 43 ; conception involves tbqpe 

disintegration of, 418. of space, time and matter, 131; ela- 

Max Millin’, F., 280. borated worn experiences of force, 131— 

Maxwell, J. Clerk: on hypothesis of 132; continuity of, 140-148, 217 ; 

vogex-atoms, 41 ; on 'ftiomson and not self-evidene, 144; Newton’s first 

Tafc’s Treatiet on Natural Philosophy, law, 141, 454 ; of celestial bodies, 
4154. a * 142; translation-element, J42-143 ; 

Maylf, J. R. von, mechanical theory of latent principle of activity, 143-145; 

heat, 159, 426. space-element, 145; continuity known 

Measurement *of matter, motion, and in terms of force, 146; quantity of 

force, 151-V‘S. 167. energy constant, 146; transformed 

Mechanics: integration shown in, 261 ; into heat, electricity, etc., 160 ; the 

increase in definiteness of conceptions, direction of, 182-199; foreee of attrao- 

804, 806 ; instability of the honftgene- lion and repulsion to be takerv as 

oub illustrated, 826 ; steam engine symbols, 183-184; laws of direction 

and multiplied effects, 367; and eqoili- • of, 184-185; in solar system, 185; 

bration, 394. * Earth’s atmosphere, 186 ; and crust, 

Medicine, vir rrudieatrin naturae, 404. 187 ; spiral airectionf 183-189; or- 
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100-226 


growths, 106-197 ; ud permit 190; mulUplkaUon of < 
of fores, 197-100 ; rhythm of, and oagnwatlou. 600. 

226; sainml, 200-202, 215- Naturalist of th* old school, 


oouur system, 204-206 ; in wnwtnu 
itaM|3i(n sad magnetic ranattons, 
206-207 ; la earth's crust, 206 ; jp 
phenomena of life, nit snd present, 
208, 210; in mental states and the 
arts, 211 ; social rhythm*, *212-214 ; 
onirenal rhythm a corollary from the 
persistence « force, 215-218, U4 ; law 
of continuous re-distribution, 220; 
evolution the dissipation, etc., 228-229, 
244 ; dissolution the absorption, etc., 
225-229 ; evolution and quantity of, 
231 ; molecular, and rearrangement of 
parts in inorganic aggregates, 238-2.18 ; 
in organic, 238-243; re-distribution 
of retained, accompanying evolution, 
608-321 ; exemplified in geology, 309, 
813; meteorology, 310; astronomy, 
312; physicloCT, 314-318 ; ptvrhol* 
ogj, 317 ; nbiloSugy, 317 ; sociology, 
319; equilibration, 390-402; dissolu¬ 
tion and molecular, 418-420; and 
molar, in relation to universal evolu¬ 
tion and dissolution, 429-430 ; sum¬ 
mary of laws of, 433-434 ; Tail on 
Newton's first law, 454. 

Mountains : rhythm in rain caused by, 
207; altitude and terrestrial crust, 
249, 267, 354. 

Multiplication of effects: program of 
evolution furthered by, 351 ; illus¬ 
trated from astronomy, 852-353; 
geology, 353-355; meteorology, 356- 
857 ; physiology, 357; embryology, 
1*58 ; development of fauna ana flora, 
359-362 ; psychology, 863-365 ; soci¬ 
ology, 365-368; science, 368; corollary 
from persistence of force, 869; sum- 
maty, 869-370,440-441. 

Mural decorations: progressive hetero¬ 
geneity, 281-282; increase of definite¬ 
ness, 808. 

Muscles: correlation and equivalence of 
sensations and actions, 171-173; 
* equilibration illustrated, 404. 

Music: rhythm of, 211; progressive 
integration, 262; co-ordinate origin 
with poetry and dancing, 286; pro¬ 
gressive heterogeneity among Hebrews, 
Greeks, Romans, etc., 286-289; Chris¬ 
tian Church, ^88-289. 


12, 215- 1 Naturalist of the old echool, 863. 

203-204: 1 Nature (Sept 21, 1876), 454 ; (inly 17, 
flan and ; 18791, »»- 

terrestrial < Nature is made better by n**meaa, 92. 
anabons, j Nebular: rota lion mutts from concentre 
8 j j r fttf t lion. 164 ; rhythm in the spiral ar- 

i present, I rangement of 204; emctblmwe of 

and the j sidwvvU and *cnar systems, 24?; inereai* 

212-214 ; j of definiteness, 296 . tbs Integraof 

from the \ motion illustrated. 312; inslntnUty 

434 ; law ; of the h^ro-gron^o*. 329 332 , the 

m, 220 ; . multiphcetixn of effects, 362 , eegrrga- 

228-229, j tion, 377-378 ; equilibration. 396 . 
ion, etc., ’ alleged improbability of nebular by- 

intity of, : tmthesis, 396 39? , Brewster, <-V*mt«, 

vmerit of ; Ilabmet on, 397 ; and IMmh«iU, 

238-2.18 ; j 899 ; evolution and disw>luta»n. 426- 

itribution j 430 ; genesis of ganrous, 473-47% 
volution, j'Nebular hypo them*, 164, 247, 331-332 , 
ogy, 309, article in H'ttlmintUr fonor (July 

trouomy, 1858), 473. 

psyrhol- Neeesaety truth, 136-137, 139. 

lociology, Nerves and mental proems as, 172 173 
1 diasolu- See alto Psychology. 

20 ; and Neumann. F. l£, 16,1. 
al evolu- Newport, G., 251. 

10 ; sum- Newton, Sir 1. : 50; »»neepti«o of 
Tail on matter, 39, 40, 44 ; on gravity, 44, 7f ; 

first law of motion, 141 ;,Tait on, 454. 
iused by. Nitrogen : instability of combinations, 

al crust, 236 ; amount in plants and animals, 
241. 

■gross of : Non-ego and * 90 , 120-121. 

1 ; Ulus- Norik American lirvinc, on the formula 
352-353; of evolution, 458-459. 

>gy, 355- Nothing, production ofc matter out of, 
bryology, , tbs real mystery, 25. 
ind flora, Noumenon, tbe, antithesis to tbs pheao- 
65 ; sod- menon, 65. 

corollary Numbers, mental development and, 136. 


Object and subject, 120-121. 

Occult virtues, eld theories about, 443. t 
Olbers, H. W. M., 473. * 

Organic growths, progressive aggregation, 
263. Set alto Biology, < 

Origin of Specie*, date of publication, 
vti-viu, 362. 0 

Orion, nebula in, 426, 474. 

Osteolrgy; integration,,illustrated, 250 ; 
heterogeneity, 275 ; increased definite* 
nees, 299 ; segregation, 880-882. 
Ostrich, osseous segregation in, 881. 
Owen, Prof, Sir R^ 278. 
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Paw, rhythm in, Jit. 

Phtetiag i And tnlpW, oonnate with 
wtfUnjc, **J ; coamwa «ri^a with 
•calplan*, «tc., 2*4. 

f’aWonUih.gv s And rhythm of motion, 
21©; »*ld»oci* of Mncmdr* dtOer- 
enUsUon, 244-24* ; lffflH*y% Palaon- 
l<% «wPlh JhtMw y Evolution, 
274, • 

KM. 

Pantheism : aaircm as seif created, 23- 
*24 ; unthinkable, 23, 24 . it* funda¬ 
mental verity, 32-34 . and laws of th* 
known hie, 24. 

Pami ‘ * farwi. } iS. 

Path -l'*gy : rhythm in dumw, 299 . 
itw ialti-n, 222 291 ; 
m«tV>d. 305 , rctii“i;-5;^*ti'*o of sffwu . 
illustrated by, 3'7 364 

langting", 2* 4. ^ 

iVoduinro on l continuity of m-?h<n. 
1424 variation tn rot® of oeriilstion.; 

at a. 

Prmitcnee of free; rxf‘!«n*tion of term, ; 
It*; ita moaning, IM 166 ; an un¬ 
conditioned reality, 166 ; persistence , 
of relatsona am -ng firm, 156-168, 
217 ; uniformity of U I i» a corollary ; 
from, 168, 180, 2U6; and tran*forma- , 
lion and equivalcnca of force*, ISO ; ; 
and dirocudti of motion, 1*8-19*; 5 
Jbd rhythm of motion, 215-214 ; uni- ! 
renal truth, 217; underlie* ph- iu- j 
mena of evolution, 323, 439-4 42 ; and 1 
instability of the homogeneous, 345 ; 
multiplication of effects, S»59-870 ; seg¬ 
regation, 388-390 ; equilibration, 418- , 
414 ; summary, 433*. the fieindation 
of evolution, 439-442 ; restatement, 
445-444. 

Persistence of relations among force^ 
164-168, 217. * * 

Penis tent force, recognition of a, 448. 

Persistent types, Huxley on, 272. 

Polity. T., 143. • 

Phemvnenon: antithesis to noumenon, 
46; and ejqgarenoe, mishwding associa- 
tioijie, 123-124. 

Philology; misinterpretation of words, 
122 ; proceed of agglutination, 254- 
258; integration exemplified, 267-259 ; 
aptotic forms, 258-26*; increase of 
heterogeneity in language, 27*- 282 ; 
English structurally su|*rtor, *280 ; 
written language ooanate with painting 
and architecture, 281 increase in : 
definiteneee in language, 80S ; advance 
of,ytained motion egeuiplitted, 814- 


m 

N Sl 0; deaynouymisation, 841; establish** 
racial oommnnity, 882; varbal quibbles 
oft formula of evolution, 455-459; 
Cliff* Ltalia os evolution of language, 
441. 

Philosophers sod relativity of knowledge, 
50* 

Philosophy: and the religious aentimant, 
8-12; the first cause and the 
-rhsnkate, 29-32, 54-55, 54-57, 44-88, 

| 80 ; limita and character, 99; ancient 

and modern conceptions of, 100-102; 
Crrman criticism of English, 101; 
4><mte and positive, 101 ; divisions, 
101-102 ; is knowledge of the highest 
degree of generality, 102-104 ; how it is 
constituted, 104 ; general and special, 
105, 445 ; data, 108-122 ; fundamental 
intuitions to be accepted as unquestion¬ 
able. 108-110; consciousness of likeness 
or difference, 110-111 ; vivid and 
faint manifestations, 112-120; object 
and subject, self snd not-aelf, 120-121 ; 
misinterpretations of words, 123; re¬ 
ality, 124-125 ; relation to science, 217- 
221 ; recapitulation, 217-219 ; law of 
the continuous re-distribution of matter 
and motion, 220 ; should show passage 
from the imperceptible to the percept¬ 
ible, and from the jerceptible to the 
imperceptible, 222-225 ; cannotachiova 
this, 224-225, 431 ; formula compre¬ 
hends concentration and dispersion, 
225 ; evolution verified by induction, 
244 ; and universal integration, 241 ; 
dfsidtnttum, 322 ; summary and con¬ 
clusion, 433-434 ; relation to evolution 
and dissolution, 434-442 ; to religion 
and science, 443; restatement, 445- 
444. 

Phosphorus, proportion in the brain, 17^. 
Physics : necessary truths, 137 ; nature 
of force, 547. 

Physiology ; knowing illustrated, 53 ; 
transformation and equivalence of 
forces, 171-178 : and the evolution 
of thought, 174*; the«dircetios of 
motion, 199; laughter, 192; rhythm 
of motion, 203-209 ; evolution and, 
249-253 ; dissolution, 292-294 ; ad¬ 
vance from qualitative to quantitative 
prevision, 305 ; re-distnbution of 
motion in the development of functions, 
314-314; multiplication of effects 
illustrated, 358 - 869 ; fourfold equili- 
•bratiou, 402-405. 

Physiology of taughtor (Macmillan's 
Mag., March 1880), 192. 
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Pino, conception oft, 71 

Piooolomini, Fr.. 50. 

Piety, current, 83. 

Flute. Se* Biology. 

Plato, 24. 

Platonic ides*, doctrine of, 443.. • 

Pleasure, rhythm in, 212. 

Pteoderina, 887. 

Poetry: rhythm of, 211; co-or dinate 
origin with music ud danein£.'*rT’>, 
progressive heterogeneity among He 
brews, Greeks. Romans, etc.,<236-289. 

Political: philosophy, 102; program, 
rhythm in, 2H. % 

Polytheism, 38. 

Population: equilibration, 409, 411 ; 
dissolution shown by decrease, 417. 

Positiee philosophy, 101. 

Postscript to the nnknowable, 98-98. 

Potential energy, defined, 147-148. 

Potentialities, old theories about, 448. 

Prefaote, i-areii. 

Pressure, hypothesis of uni renal, 182. 

Pre-established harmonies, doctrine of, 

448. 

Principlee of Biology, p r o sp e ct us, zii; 
quoted, 388. 

Principle* of Morality, prospectus, rv- 
xvi. 

Principle of Psychology, prospectus, 
adii; quoted, 189, 148 ; germ of fifth 
part, 191. 

Principle* of Sociology, prospectus, xiii- 
aar ; referred to, 461, 464. 

Printing, development of, 284. 

Proctor, R. A., Oldamd Sow J e tronomy, 
quoted, 474. 

Progrctt: it* Law* and Cauot < )Ve*t. Rev., 
April, 1857), vii; ud law of evolution, 
271. 

Projectiles; ud persistence of relations 
among forces, 167-158 ; and rhythm 
of motion, 202. ' 

Protagoras, 50. 

Protein, characteristics, 289-240. 

ProUomysca, 886. 

Protester. tisW, 86. 

Protophyla, 800, 836. 

Protoplasm, differentiation of, 289-240. 

PraUma, 800, 886. 

Psychology : knowledge transcended by 
thought, 12; actual and symbolic con¬ 
ceptions, 18-21; duration of oonacioua- 
mss, 45-46; its substance, 45- 48 ; 
consciousness of self, 47 ; our cognitions 
not absolute, 51-418; product Of 
thought, 61-64; its process, 54-60, 
107 i Hamilton and Siansel on the 


afasoluts and infinite, 54-67; intelli¬ 
gence ud rslstimy of knowledge, 64- 
60; definite ud indefinite forma of 
consciousness, 65* 70; a definite 
thought formed by the coalescence of 
a serieer-7 1 •. mental contrast between 
the absolute and relstit*. 71 ; oenftirt 

a tween reality ud a pj»a ratios, 93 
; consciousnms must be assumed 
trustworthy, 110 ; reality, J24-126 . 
▼unon illusiur, 126; we think in 
relations, 126-129 ; experiences of fort* 
underlie modes of consciousness, 129, 
182 ; recognitions of necessary truths, 
186-139 ; perceptions which illiterate 
the permanente of matter, 139 -139; 
Principle* of PtycKrfogy, quoted, 139 , 
the oonseioosneae ud perception ( 
force, 148-151 ; correlation and equiva¬ 
lence of* physical and mental forces, 
171-178; relation between* nervous 
energies and mental states, 17fP, laws 
of motion in mental phenomena. 190- 
198 ; relation between emotions and 
actions, 192 ; rhythm of motion, 211 - 
212, 406-408 ; advance of retained 
motion exemplified, 316-319; insta¬ 
bility of the Aotnogstteoua illustrated, 
840-841 ; also mil uplication of effects, 
368-364 ; segregation and development 
at nervous structure, 383-385 ; equili¬ 
brations of nervous actions, 406-408. 
Pythagoras, conception of philosophy, 
100 . 

Railway clearing-house, 266. 

Railways: rhythr- in trains, 201; multi- 
plied e£ects of, 367. 

Run, forecast of, 260. 

Rathke, H. B., 252. * 

Teal, meaning t*f the word, 124, 

Reality : ud appearance, con Sic t bo- 
tween, 98-95 ; interpretation of, 123- 
126. , 

Reconciliation of religion with eaienoe, 
73-92. 

Reform ud equilibration, 45*2. 

Relative ud non-relative, 67. 

Relativity of all knowledge, 50-72. 
Religion : ud science, 3-17 ; freedom of 
buief, 6 ; diverse religiose beliefs have 
a oommon basis, 7-12; all based on 
some ultimate diet, 9, 15-16; evolu- 
tioh of, 11-12, 276-277; subject 
matter passes the sphere of the intel¬ 
lect, 13 ; reconciliation with science, 
16-17, 82-84, 76-92; ultimate re¬ 
ligious ideas, 1&-84; the vital elsateat 
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tit alt sitimlt nlifiou 

Ubu merely rynsools, 50; Ian of 
7*; development and 
purification, 7* *8 ; form* of imligion, 
75, 77 ; fault* of imperfect develop* 
atetit, 78-75; neeesayg^HSVviaUve to 
•dear*. 8jj ; impiety of the pious, 82 ; 
ultimate cause unknowable, 80-84 ; 
anthropomorphism, 85-87 ; function 
of theological conservatism, 89-89; 
. toleration of behefa, 88 80; the 
highest truth *h<iulti be told, 91-82 ; 
tli<-.>rv of the anther and prevailing 
belief*, 93-96; rhythm in, 214; 
evolution of, 276- 277 ; origin of mural 
painting*, 281 ; architecture, 283 ; 
painting and sculpture, 234 ; poetry, 
music and dancing, 297 ; church music, 
283-299 ; relation to philosophy and 
science, 443 ; fuudammt*l»el«*!T>upt of, 
443; feetatement<>f doctrine, 445-446. 
ieli^fou* belief, freedom of, 6. % 

ieltgi u» ideaa, ultimate, merely symbols, 
50. 

letdtea to criticisms, 93 96, (Appendix 
B and C), 453 472. 
lepuUi-m and attraction, 182-184. 
Respiration, interpretation, 52. 

Rest, change to moWJn inconceivable, 43. 
Rhythm of rQ»tnm -. univeraal, 200-202, 
,215-216; generally compound, 203- 
204 ; rhythm in nebula;, solar system, 
etc., 204-206 ; in atmosphere and 
magnetic variations of the earth, 206- 
207 ; in crust of the earth, 208 ; in 
*the phenomena of life, jast and present, 
208-210 ; in uirwtal states and the 
arte, 211; social rhythm*,* 212-214 ; 
universal rhythm a corollary from the 
persistence of force, 215-216; summary, 
434. # 

Ricaree language, 256. 

Riley, C. V\, 363. 

Ritter, Prof. Aug., 473. a 
RivSrs and rhythm of motion, 201. 

Roads, follow line of least resistance, 
* 195-196. ■ 

Rolierls. Dr. Isaac, rhotogrrapka of Stars, 
Slar-HuiUrs, and JfebuUt, quoted, 425, 
426 (r/. 474). 

Rocks : segregation in igneous, 379; pro¬ 
cess of dissolution, 421. 

R odnntia, integration in, 252. 

Roman Catholid, art and architecture, 
283. 

Hotiftra, revived by water, 241. 

Rulers, primitive "beliefs as to origin and 
y**rcr of, 4-6. * 


{irn, J., 386. 

Salutations, evolution of, 377. 

Said, rhythm shown by ripples acting 

on, 203. 

Saturn, planet, 423. 

Scales,* instability of the h omo ge n eous 
illustrated by, 827. 

Scaliger, }. J., 50. 

Schelling, F. W. J., ridicule of Knglish 
^.'..aWlophy, 101. 

Science: and religion, 3-17 ; definition, 
13 14* 76; higher development of 
common knowledge, 18 ; reco n cil iat ion 

# with religion, 15-17, 32-34, 78-92, 

443 ; ultimate scientific ideas, 85- 
49 ; they represent incomprehensible 
realities, 48 ; basis of agreement with 
religion, 73 ; purification of religion 
by. 74-79; defined, 76; unscientific 
characteristics, 78 ; faults of imperfect 
development, 78-79; necessary oor- 
relative to religion, 80 ; partially 
unified knowledge, 104; and phil¬ 
osophy, 217-221 ; law of the continuous 
redistribution of matter and motion. 
220 ; progressive integration, 259-261 ; 
aggregation, 263 ; mutual help among 
divisions, 263 : advance from the 
simple to the complex, 290 ; in cre a sin g 
definiteness-, 302-304 ; contrast b e t wee n 
qualitative and quantitative stage, 
305 ; multiplied effects of program o£ 
368; relation to religion and phil¬ 
osophy, 443 ; cannot attain perfection, 

444 ; highest achievement of, 445; 

restatement of doctrines, 44 6 . 446 ; 

mental discipline of, 459-460. 

Sculpture: and painting, connate with 
writing, 281,294 ; Assyrian, Egyptian 
and Greek, 283, 286 ; Christian, 283- 
284. 

Sea shore, and rhythm of morion, 

203. • 

Segregation: instances from action of 
wind and water, 371-377; illustrated 
from magnetism^ 372-373 ; chemistry, 
373, 876-; light, 876 ; satronomy, 877- 
878 ; geology, 378-380 ; osteology, 
380-882; formation and maintenance 
of species, 3S2-883 ; psychology, 383- 
865; sociology, 885-388; deduced, 
from persistence of foies, 888-390; 
summary, 441. 

Stguiu, A., 159. * 

Self; reality of, 47; personality cannot 

* be known, 48; and not-aelf, 120. 

Self-creation unthinkable, 23-24. 

Sensation, term, 112. * 
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Sex, the detar mt aetion of, KM. 

Swnptn, Wen., quoted, K, 1*5. r 

Ship: and relativity of motion, 41; aftd 
rhythm of motion, 300-201; building 
ut Glasgow, S85, 

Shop*, integration displayed by, ft*. 

Siberian mammoths, frown, 410. 

Sidereal intan: integration of, 347-24* ; 
evolution and dissolution in our, 424- 
427. Sm oZ«o Astronomy. * 

Singing. Sm Mask. 

Sirius, and its companion, 424-^5. 

Steen, rhythm in, 209. 

Smallpox, multiplied effect* of, 35> 
358. 

Social Slat id : and von Baer's formula, 
270 ; germ of evolution in, 449. 

Sociology : transformation and equiva¬ 
lence of phvsical, vital and social force*, ; 
17b-l$l ; laws of motion illustrated, ; 
198-197 ; and rhythm «>f moti-m, 212- j 
214 ; progressive integration of societies > 
and civilixalions, 254 262 ; progressive j 
aggregation, 283; increasing hetero¬ 
geneity, 276-279; disvluii.n, 292- 
294 ; increasing definiteness, 301 -302, 
SOS ; increasing integration, hetero¬ 
geneity and definiteness in social move¬ 
ments, 319-320 ; the instability of the 
homogeneous. 342-344 ; multiplication 
of effects, 385-363 ; segregation, 385- ’ 
383; equilibration, 409-412; social ■ 
dissolution conforms to the general law 
of motion, 416-418; summary <■( law 
of evolution, 436, 43S-441 ; criticisms 
of Cliff* Leslie, 460-466. 

Socrates, philosophy of, 100. 

Solar system : origin of, 164 ; and direc¬ 
tion of motion, 185-136; rhythm of * 
motion, 205-206 ; integration of, 247- 
3*8; progressive aggregation, 263; 
progressive differentiation, 265. Sm 
aim Astronomy. * 

Sound and light conform to like laws, 
260. 

Space: limit unthinkable, 11 - 12 ; two 
hypothec*,*85-86 ; 'Kantian doctrine 
denied, 37 ; wholly incomprehensible, 
87, 49 ; inconceivability and relativity 
of knowledge, 69 ; consciousness purely 
relative, 126-127 ; the abstract of all 
co existences, 128 ; and experiences of 
force, 129 , how distinguishable from 
body, 149, 182. 

8 pedes: Origin of, date of publication, 
vii-viii, 362; rhythm in increase* 
and decrease, 209-21tf ; researches of 
palaontoiojpsts, 210; increasing de¬ 


fied tsnsas, 399-SOD; instability of tbs 
homogeneous llmstraUd, 339; and 
s egregation, 382-383; and squill bra 
tion, 405. • 

Sphere; cell-cluster* form hollow, S97. 
action t^jauhaat heat on, 345 1 and 
equil t bran"", TOO. 

Spi none, K., 50. 

Spirit form of growth, 133 -1*9. 

Spirit and matter, antithetical.connrp 
j lions of, 446. _ 

| Spiniualistie, evolution not. 446, • 

Steam-engine^ and multiplication of 
effects, 387 , and equilibration, 394. 
Stewart, Prof. B , and l‘r»f. P. G. Tail, 
TK* Onmm t"momr, 453. 

Stoic phil'Mophy, 100 . 

Strain, the Urm. 147 
Study of Soctoljgy, on discipline, 459- 
««V . 

Subject and object, 120 - 121 . 

Substance. Sr* Matter. 

Sugar, crystallisation in preserve*, 234 . 
Summary and conclusion of thu work, 
432-446. 

Sun. the: light and heat, 44 ; transfer 
mation and equivalence of for*-**., i«4 
165 ; teiTMtriij effects caused by. 167 ; 
plant-life depend<**f on. 168 -, ammaJ 
life, 168-169 ; correlation of social and 
physical force* derived fif>m, 179 J **0 ; 
re-distribution of motion effected Idf, 
309-310; equilibration and heat of. 
393-399. Sm oho Astronomy. 
Super-organic phenomena, integration of, 
254-262. Sm aim Sociology, • 

Supply and demand 409-410. 

Symb-,lie conceptions, 18-21. 

Synthotie /'A tl/tmphy, SytUm of, first 
prospectus, xi-xvi, 95. 

4 

Tait, Prof. P. G. : Tfu Dntmn Uniterm, 
453 ; on the formula of evolution, 453- 
458 ; Troa/tm on Natural f'kilooagihy, 
464 ; lecture on force, 454 ; review of 
Bevkett, 455. * # • 

Telegraph, multiplied effect of, 865.* 
Temperature. Sm float. . 

Tension, hypothesis of V universal, 
18Z f 

Theism: universe as created by external 
agency, 24-26 ; unthinkable, 26 ; its 
fundamental verity, 82-54 ; and laws 
of the knowable, 96. 

Theology, rational, fundamental concep¬ 
tions self-dsstructivt, 81. Sm auo 
Religion. 
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TJwSfhl L Psychology, « 

Thomson (akW.) W*»rd Kelvin] and ] 
Prof. P. O. T»ft, Trmtim m Natural ] 
f%Utaophy, (&i> 

Tickling and transformation and eqoiv- 
ilim of foroee, 172-173^^ 

Tides: and rhythm dP^flouon, 208; 

equilibnatton illustrated, 400-401. 

Tim* two hyj»>the»ea. 85-34 , Kaiftian 
doctrine denied, 87 . wholly ineompre- 
h*iv*i!f!*, 87, 42 ; ihmncvirability and 
• relativity of knowlwlga, 69 ; tha ab¬ 
stract of a'l ***j'i#neea, 1 -S. 

Toleration of te-iiefa, 89- 90. 

To» U. pr. grew* :v integration of, 261. 

T ip. «q'iii:t<rati«n *f spinning, 398. 

Trad*. ,S** i.Vmw'm, 

Trantrrndrxla* I’hyruAogg, Earn y, vii, 
82 *. 


TVao«f >tm*tinn and equivalence oMbrces, 

IS9 HI. 

Tr»:w*k, and mutability of tha homq^ 
pno'iit, 327. 

Treughton, K., dividing-engine, 806. 
Truth : tha accurate correspondence of 
auSjncfr* u> objective relation*, 63 ; 
another definition, L*9 ; necessary 
truth*, 136, 139 ; A ppori and necea- 
aary, 139. 

Tuning fork and rhythm of motion, 

216. • 

TarUilaria, motion of, 316. 

Twenty qu*»v n*. game of, 94. 

Tyndall, Prof. John : all motion rhyth¬ 
mical, 2-ii* ; translation of paper by 
dielmholu, 399. 


Ultimate religion* idea#: 16-84 ; origin 
of universe, 22 27; nature of uni¬ 
verse, 27 32; first cauae, 27-32,; 
fundamental rtrxtjN 32-34 ; merfljr 
sy minds, 60. 

Ultimate scientific ideas: 85-49 ; incom- 
prjhentuhie, 48-49; merely symbols, 
60. 

Ueiconditioljd, tha, trebly unthinkable, 


6C.«-«*^ 

Under* tending, explanation, and tha in- 
ex] >licibl*,<»l-64. 

Uniformity of law, 158. 

Uni versa; three eupj>o*itiona of origin, 
22-27 ; whether self-existent (atheistic 
theory), 22-2.1; self-created (panthe¬ 
istic), 23-24 ; created by external 
agency (theiatic), 24-26 ; all three 
unthinkable, 23 ; nature of, 27-82; 
cause infinit. and absolute. 


27-82; origin inscrutable, 84, 48 ; 
_ future of the, 427-481 ; form of the, 
429. 

Unknowable, the : 1-96 , 448 ; ultimata 
cause is unknowable, 80-84 ; postscript 
(r*l>l/. to criticism), 98-96 ; authors 
reason for writing jart dealing with, 
95 ; all things known to us manifesta¬ 
tion* of, 112, 122 ; conception of space 
w#mJamd by some mode of, 129; and 
{•ersistence of f ree, 155 ; raanifesta- 
ti-ns of the, 21S; relation to the 
knows*!*, 443. 

Unknown reality, symbols of the, 445- 
448. 

Unstable equilibrium, 326. 


Vactttm, nature's abhorrence, an un¬ 
scientific hyjKithesis. 78. 

Vascular system : and direction of motion, 
190 ; heterogeneity of its evolution, 
314 ; and multiplied effects, 858. 

Vegetal life. See Biology. 

Velocity, intermediate degrees of, 48. 

I'ertebraia : degrees of evolution, 242 ; 
integration in, 252 ; evidence of 
palaeontology. 272 ; mark of evolution 
among, 274 ; segregation in osseous 
system. 380 382. 

Vision, illuaigSnese of, 123, 125. 

Vital principle, an unscientific hypothe¬ 
sis, 78. 

Volcanoes: illustrate laws of motion, 
187 ; and rhythm, 206. 

Volvo*, 837-338. 

Vortex-atom* : Lord Kelvin’s hypothesis, 
40; held by Clerk Maxwell to be un¬ 
tenable, 41. 


Ward, Prof James: reply to criticisms 
of, 468 d< 2; .Vofurafusi and Agaodi- 
tun, 469-471. 

Watch, theological simile, 82. 

Water: movements exemplify laws of 
motion, 187 ; causes rfeyith'^ic move- 
ments, 300-201, 208 ; organic redistri¬ 
butions effected by, 241-242 ; segrega¬ 
tive action of, 372, 375, 378-379 ; 
equilibration illustrated, 891, 401 ; 
and dissolution, 420. 1 

Weapons and industrial pro gre ss , 866- 

866 . 

Weighing and penistenoe of force, 162- 

» 153. 

Weight, miaoo adoptions of ladies as to, 
187. 
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WubmimiUr Jhearw (April 1857), article Jm Word* and abstract troth*. 1S&-460. 
od progreae, iu law and eauae, quotac^ Written language innate r*th pain ting 
*71; (Julj 1856), article on the uebi*lar and architecture, 2SI j'and all three 

hypothesis, quoted, 478. with archttecture,. 2*1, 2*4; and 

Whewell, Dr. Wm., History of Ou In- mural decoration*, 2*2, 2*4. 
dmdtre Sdsnmi and / <tf th* 

Mkdiw Seisnot*, quoted, SOI. 

Whitworth, Sir J., micrometer, *06. Zaso, injunction* of. 100. - 

Wind, aegrrgaUTe action of, 572, S74. Zoology, *ubdm*ton* and *tudy of, 85*. 

Wolff,-K. F., 270. Sm miss Biology. 


VW1CTBP BY Kl-iu. AMD CO., LTD., BDIKBCaoli. 








